A  DEVELOPMEN 
STOCHASTIC  TR 
THEIR  A  PPL IC A ' 

James  D.  B  a  i  a 

Air  Force  Instit 
W  right -Pattersoi 


7  May  1973 


DOCUMENT  CONTROL  DATA  -  R  &  D 

(Security  eta*  litigation  oi  if  tic,  he  fy  ohahstroct  and  indevUtti  anno;^*tten  nw'i  he  entered  when  the  overall  report  I  a  clatsHled) 


K  ORIGINATING  ACTIVITY  (Corporate  author)  2«,  RE^OHT  SECURITY  CLASSinCAtlCN 

Unclassified  .. 

AFIT/  jg.JJ S*  |2fe.  GROOM  ’  '  " 

V: r i,  h t “ Pott  c  r r- o n  Ai'B ,  Ohio  _ _ _ • _ _ 

r.  HE“onr  Tirue. 

A  DtoVxkb&iwiT  OF  DL'i' .uhLIi : iU-JI  C  ADD  Si’OCiiASfL'IC  2HAASPKH  PKICI«G  i-iODALi> 
Aili)  WlAlk  AmiCATlOic  10  DOD 


4.  oiscniPTiVE  Notes  (Type  at  report  andiri  elusive  dates) 

;  KASl'^R’U  DhUidj  IK^SIa _ 

«.  A*J  THORiSl  I’f/fjtt  nair^  nm/dJo  jn/f/a/,  /a«(  ii«.ntj 

;  JiJ'iiS  D_r  BAlli  t  OAPTAlii,  USAP 


fee»l»Z£>-S=_: — _ 


10.  015  l  BUY  ION  STATEMENT 


7b.  NO.  OF  REFS 


N.  ORIOeR  ATOR’S  REPORT  NUMBER!*) 


GSA/S2-1/73-1 


tb.  OTHER  REPORT  NO 5*ifAny  o'bei'  numb«rr  tfi«f  may  b«  ••*<##»•« 
lb/«  report) 


Distribution  of  this  document  is  unlimited 


vmm mjmmzztm&mmmrm 


e  r 

'  .  /,L  *—  ,l*  v  \ _ ^  *  A  /  ■  -« /’s' 

JEFfiY  C.  HEX,  Captam-USA? 
Di/ctor  of  Information 


R!I»E*ryi 


SPONSORlLCMlUTA*  f  ACTIVITY 


13.  An  RACT 


JUprori«c«>  /by 

national  technical 

INFORMATION  SERVICE 

U  5  O«0oilm»nl  of  Comm. re. 
Spr.lmfrv  "cf  VA  SU5I 


Attempts  to  initiate  user  funding  at  Arnold  Engineering  and 
Development  Centex*  (ABDC)  in  the  196&-2.971  time  period  were  very 
unsuccessful.  At  that  time  ouch  of  tho  failure  was  attributed  to 
-tie  Uncertainty  of  demand  for  the  facility’s  services., 

This  thesis  first  examines  the  origination  of  profit,  centers 
;  and  transfer  pricing  in  the  private  sector  of  the  economy'  and  the 
manner  in  which  these  concepts  precipitated  user  funding  in  DOD. 

Next  it  presents  mathematical  formulations  of  optimal  transfer  prices 
under  static  end  det*  rministic  market  conditions.  Conditions  of 
stochastic  market  demand  and  coot  arc  then  applied  to  vnosc  formula¬ 
tions  to  provide  optimal  transfer  prices  using  maximization  of  ex¬ 
pected  profit  as  the  decision  criterion. 

Finally  the  stochastic  cicuund  mo  a  el  is  applied  to  a  simplified 
Vest  and  Evaluation  environment  in  order  to  determine  the  form  of  tnc 

optimal  transfer  price  at  A-JpG.  Cons idci-n tier  is  also  given  to  the 
conditions  surx'oiuiding  use  of  transfer  prices  to  improve  eiJ.ioxv.rcy 
;  nil.  J’ltjiT  <  '■  i  s  fn:  *■  i  •  a  j-M  c>\"*  us'.T.ni  r.  >  al,oi‘  of  Ire  econo. 

DD  ,5SlVi473  •  uNCLAssjnro 

bi-itm?)  <  I..SM1K 


UNCLASS1E1ED _ 

Si-ciiritv  C'l.t'isiItiMtiori 


»* 

/  ’*  « 

KE*  WORvi 

I’itAl.-ai'iJR  PiilCEifi 
mi^SFxK  XklGlUG  MODELS 

Disff^lwIuIBXIC/bi-gtCiiASJE-jyC  ,l*ilARSl\tK  PRICING 
MODELS 

USER  PU’iDIIiG 
SERVICE  ?  UEDIilG 
KJiVOLVII.G  KiKi/S 

ARNOLD  LEGIRjSDKKiG  AMD  DEVELOPMENT  CSDTEK 
ERZER  THAN  SFLK  PRIUIEG  MODEL 
;  HIKShLj-Ji’Elt  TKAilSPEfC  PivIClLG  MODEL 
PLOilT  OxLTEiiS  r .  . . 


cr>j  k  o 


uiicLAssrnrn 


SecurUyiCI.'j:,Mfi»,4ilic*M 


f'* 


GSA/SM/73-l 


A  DEVELOPMENT  OF  DETERMINISTIC  AND  STOCHASTIC 


TRANSFER  PRICING  MODELS  AND  THEIR 
APPLICATION  TO  DCD 


THESIS 


Presented  to  the  Faculty  of  the  School  of  Engineering 
of  the  Air  Force  Institute  of  Technology 
Air  University 

in  Partial  Fulfillment  of  the 

>* 

Requirements  for  the  Degree  of 
Master  of  Science 

by 


James  D,  Bain,  B.S.  Engineering  Science 
Captain  USAF 

Graduate  Systems  Analysis 
June  1973 


Approved  for  public  release;  distribution  unlimited 


GSA/SH/V3-1 


Preface 

This  thesis  presents  the  results  of  a  study  on  transfer  pricing 
and  its  applications  in  che  private  and  public  sectors  of  the  economy. 
The  findings  will  hopefully  prove  of  some  benefit  in  the  search  for 
ways  to  Increase  the  efficiency  of  resource  allocation  processes 
through  internal  pricing  mechanisms. 

Many  individuals  have  contributed  to  make  this  effort  possible. 
Foremost  on  this  list  is  Dr,  Herman  Enzer.  As  an  Instructor  In  eco¬ 
nomic  analysis  courses,  he  has  provided  me  vfith  insights  and  experi¬ 
ences  in  systems  analysis  that  will  always  bear  upon  my  analytical 
reasoning.  As  a  thesis  advisor,  he  has  pvovided  me  with  guidance, 
patience,  and  wisdom  that  have  made  this  study  possible.  Special 
thanks  also  go  to  my  reader.  Professor  Joseph  P.  Cain,  who  gave  much 
of  his  time  in  the  reading  and  analysis  of  drafts.  In  spite  of  their 
beneficial  assistance,  however,  I  alone  bear  responsibility  for  any 
errors  herein.  Statements  referencing  material  from  the  various 
sources  are  m.,  interpretations  of  the  original  text. 

Finally,  I  must  gratefully  thank  my  wife,  Brenda,  and  daughters, 

Jamie  end  Dar a,  who  have  contributed  and  sacrificed  much  to  make  this 

\ 

thesis  and  the  AFIT  experience  possible  end  worthwhile.  To  them 
I  dedicate  this  study.' 

James  D.  Bain 
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Abstract 

Attempts  to  initiate  user  funding  at  Arnold  Engineering  and 
Development  Centev  (AiiDC)  in  the  1968-1971  time  period  wtre  very 
unsuccessful.  At  that  time  much  of  the  failure  was  attributed  to 
the  uncertainty  of  demand  for  the  facility’s  services. 

This  thesis  first  examines  the  origination  of  profi't  centers 
and  tran"*er  pricing  in  the  private  sector  of  the  economy  and  the 

k 

manner  in  which  these  concepts  precipitated  user  funding  in  DOD. 

Next  it  presents  mathematical  formulations  of  optimal  transfer  prices 
under  static  and  deterministic  market  conditions.  Conditions  of 
stochastic  market  demand  and  cost  are  then  applied  to  those  formula¬ 
tions  to  provide  optimal  transfer  prices  using  maximization  of  ex¬ 
pected  profit  as  the  decision  criterion. 

Finally  the  stochastic  demand  model  is  applied  to  a  simplified 
Test  and  Evaluation  environment  in  order  to  determine  the  form  of  the 
optimal  transfer  price  at  ASDC.  Consideration  is  also  given  t‘»  the 
conditions  surrounding  use  cf  transfer  prices  to  improve  efficiency 
and  resource  allocation  in  the  government  sector  of  the  economy. 
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I.  Introduction 


Centralization  and  Decentralization 

The  classic  businessman’s  view  of  organization  Is  based  on  his 
attitude  toward  the  complex 1  ties  of  coordination.  The  result  is  often 
a  vertical,  hierarchial  business  structure  In  which  orders  emanating 
from  above  are  executed  by  those  working  below.  To  ensure  that  the 
lower  echelons  carry  out  their  assigned  directives  and  optimize  the 
firm’s  objective  functions,  top  managements  have  devised  various  means 
of  maintaining  organizational  control  (Ref  4:399).  One  of  the  most 
authoritarian  of  these  is  known  as  centralization.  In  addition  to 
providing  a  concentration  of  control  not  otherwise  possible,  centrali¬ 
zation  is  usually  accompanied  by  some  of  the  advantages  of  size. 
Principal  among  these  are  diversification  of  risk,  centralized  finan¬ 
cial  structures,  and  management  specialization,  particularly  in  the 
planning  and  advisory  functions  (Ref  26:781).  Centralized  managements 
are  further  characterized  by  a  complete  separation  of  the  persons 
responsible  for  budgeting  and  resource  allocation  and  those  responsible 
for  operational  activities  (Ref  7:352), 

In  order  for  top  management  to  be  able  to  issue  directives  based 
on  knowledge  of  the  many  Interrelated  decision  variables,  it  is  neces¬ 
sary  that  they  have  access  to  ail  pertinent  information  available 
through  the  lower  echelons.  Not  all  decisions  can  be  made  by  top 
management  as  it  is  obvious  that  there  will  be  some  loss  and  misinter¬ 
pretation  in  the  information  assimilation  and  transmission  process. 
Therefore,  soma  decisions  will  have  to  be  delegated  to  the  lower 
echelons.  Although  these  difficulties  have  been  somewhat  alleviated 
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by  the  advent  of  the  high  speed  computer,  Information  remains  a  costly 
requirement  of  centralization. 

Relevant  Information  Is  not  the  only  problem  In  centralized 
organizations.  Criticism  is  frequently  based  on  the  dissatisfactions 
of  lower  echelon  management.  Motivational  problems  frequently  arise 
whenever  it  is  necessary  to  obtain  high  level  approval  of  solutions  to 
low  level  problems.  Other  unsatisfactory  aspects  of  centralization 
frequently  cited  in  the  management  literature  are  the  inability  to 
provide  a  platform  for  change,  the  lack  of  continuity  in  td  c  event  of 
a  change  in  the  central  figure,  and  a  tendency  to  be  sluggish  and  hide¬ 
bound  by  rules  and  regulations  (Ref  21sl8). 

Because  of  these  and  other  problems  with  centralized  organizational 
frameworks,  many  companies  have  restructured  along  lines  of  decentrali¬ 
zation.  One  of  the  more  important  influences  in  this  direction  has  been 
.recognition  that  the  man  on  the  spot  knows  more  about  his  own  sphere 
of  activity  than  does  the  corporate  management.  Given  appropriate 
authority  the  lower  level  manager-  can  act  quickly  and  flexibly  in 
response  to  local  conditions.  In  addition  to  removing  some  of  the 
6heer  weight  of  decision  making  from  higher  echelons,  this  provides  a 
valuable  training  ground  for  junior  managers. 

One  of  the  principle  motivations  for  decentralizing  in  most: 
companies  is  the  expectation  that  profitability  can  be  Increased  by 
giving  direct  profit  incentives  to  more  people  in  management. 
Theoretically,  decentralization  provides  greater  possibilities  for 
lower  echelon  management  Initiative  and  thereby  increases  the  proba¬ 
bility  of  improved  resource  utilization.  But  for  any  subunit  to  be 
an  economically  efficient  operation  its  behavior  must  reflect  the 


seme  profit  raotivat'on  as  that  of  an  Independent  company.  This  can 
and  does  create,  problems.  It  is  possible  that  this  independence  will 
permit  one  or  more  of  the  divisions  to  increase  its  own  profit  through 
actions  that  will  decrease  profit  for  the  firm  as  a  whole.  The  result 
is  a  control  problem  for  the  decentralized  firm.  To  be  effective  in 
this  situation  a  control  system  must  motivate  each  manager  to  act  in 
ways  that  optimize  company  objectives,  provide  a  basia  for  evaluating 
managerial  performance,  and  provide  relevant  information  at  points 
where  decisions  are  to  be  made  (Ref  13:145'). 

Some  generalized  characteristics  of  decentralized  Organizations 
are  separate  statements  of  income  and  expenditure  for  the  various 
sectors,  the  delegation  of  authority  to  lower  echelon  managers  to  make 
decisions  which  will  affect  their  sectors  profit,  and  managerial  per*- 
formance  evaluations  in  terms  of  items  within  their  control..  It  is 
important  to  note,  however,  that  the  notions  of  centralization  and 
decentralization  are  relative  and  not  absolute.  In  a  lengthy  study 
Zannetos  has  shown  it  is  impossible  to  make  unqualified  generalizations 
as  to  whether  a  company  is  centralized  or  decentralized  (Ref  28:B-54). 
The  notion  of  decentralization,  however,  is  clearly  more  appropriate 
under  circumstances  where  the  subunits  have  operations  that  are  closely 
akin  to  those  of  independent  operating  companies.  But  boundary  lines 
in  any  organization  can  become  a  significant  obstacle.  In  any  economic 
structure  one  of  the  major  coordinating  devices  between  entities  Is 
the  price  system;  this  is  particularly  true  for  the  competitive  type 
of  market  (Ref  4:403), 
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The  Rote  of  Price  Theory 

Economists  have  long  been  fascinated  with  the  operation  of  the 
competitive  market  price  system  as  an  instrument  for  control  of 
economic  activity.  Self  Interest  theoretically  inspires  each  entre¬ 
preneur  to  seek  the  most  profitable  uses  of  his  resources  and  to 
employ  the  factors  of  prcduction,  adopt  the  technology,  and  produce 
the  Items  that  will  provide  society  with  the  most  efficient  allocation 
of  resources.  If  a  different  resource  allocation  becomes  desirable, 
factor  and  product  prices  will  change  to  move  marginal  resources  from 
areas  of  excess  supply  to  areas  of  excess  demand  (Ref  15 :2).  The 
market  test  of  efficiency  will  enable  the  firm  capable  of  the  most 
effective  use  of  resources  to  pay  a  higher  price  for  them  and  thus 
draw  them  away  from  less  productive  uses.  In  such  instances  the 
measure  of  economic  worth  is  the  market  price  (Ref  26:818). 

Vertical  and  horizontal  integration  are  frequently  the  result  of 
efforts  to  reduce  costs  by  merging  overhead,  transportation,  and  the 
staff  functions.  When  the  resulting  firm  decentralizes  and  there  is 
an  exchange  of  goods  and  services  between  different  divisions,  the 
market  test  for  economic  efficiency  is  often  lest.  In  the  case  of 
some  products,  market  prices  do  not  exist;  in  others,  they  may  be 
available  but  their  use  might  distort  the  savings  which  initiated  the 
original  integration.  Hence,  decentralized  firms  have  a  real  problem 
in  determining  interdivicionai  exchange  prices  that  will  foster 
efficient  resource  utilization.  One  mechanism  that  has  helped  solve 
this  pt^blem  is  the  profit  center. 
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Profit  Centers 

In  recent  years  control  systems  have  focused  on  the  responsibility 
center  to  motivate  managers  and  to  measure  both  their  performance  and 
that  of  their  divisions.  Responsibility  centers  are  simply  organiza¬ 
tional  units  headed  by  responsible  persons  aid  usually  exist  in  the 
form  of  expense*  profit,  or  investment  centers.  The  profit  center  has 
come  to  be  regarded  as  the  most  efficient  form  of  corporate  organiza¬ 
tion,  and  it  is  now  considered  primarily  responsible  for  approximately 
four-fifths  of  all  major  0,  S.  corporations  being  largely  decentralized 
(Ref  8:29). 

y 

Under  the  profit  center  concept  the  company  is  broken  down  into 
manageable  units  which  are  treated  as  independent  companies,  eaeh  con¬ 
trolled  by  a  manager  who  Is  responsible  for  making  a  profit  arid  obtain¬ 
ing  a  reasonable  return  on  Investment  from  the  assets  at  his  disposal. 
Performance  is  then  measured  in  terms  of  revenues  and  costs.  Seme 
units  might  be  called  profit  centers  because  their  managers  have 
authority  over  selling  costs,  inventory  levels,  and  product  mixes,  all 
of  which  are  major  determinants  of  profit. 

The  objectives  of  profit  centers  are  as  follows  (Ref  26:781,785): 

1.  Provide  a  basis  for  delegating  authority  to  those  managers 
who  have  a  close  familiarity  with  individual  products  or  markets, 

2.  Bring  lower  echelon  managers  into  a  more  direct  contact 
with  the  firm’s  profit  objective, 

3.  Provide  an  integrated  training  ground  for  the  junior 
managers. 

4.  Help  appraise  tho  financially  measureable  aspects  of 
managerial  performance  in  the  divisions, 

5.  Provide  a  measure  of  the  profitability  of  the  resources 
invested  in  the  divisions. 
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6„  Guide  division  managers  toward  decisions  that:  will  increase 
company  profits. 

The  greatest  danger  in  the  profit  center  concept  has  already  been 
mentioned.  It  is  the  ever  present  possibility  that  a  division  Is  per¬ 
mitted  or  encouraged  to  take  actions  that  will  increase  its  profits 
while  decreasing  those  of  the  firm.  This  is  generally  referred  to  as 
suboptimization  and  firms  have  attempted  to  gain  control  over  it 
through  constraints  on  authority  and  the  use  of  pricing  mechanisms. 


Transfer  Prices 

The  prices  used  to  transfer  products  or  services  between  responsi¬ 
bility  centers  within  a  company,  as  contrasted  with  market  prices  whijeh 
measure  the  exchanges  between  a  company  and  the  outside  world,  are 
referred  to  a.  transfer  prices  (Ref  6:428).  One  of  the  most  difficult 
problems  of  a  decentralized  organization  is  the  determination  of  a 
sound,  workable  scheme  of  transfer  prices.  If  the  divisions  buy  ail 
raw  materials  frcra  outside  the  company  and  sell  all  outputs  in  the 

v 

external  market,  internal  profit  measurements  will  be  relatively  simple 
and  efficient  resource  allocation  will  be  facilitated.  When,  however, 
there  is  an  integration  of  two  successive  production  processes  or  the 
absence  of  an  external  market,  the  market  test  for  efficiency  no  longer 
exists.  The  challenge  then  becomes  to  establish  transfer  prices  that 
will,  among  other  things,  direct  the  efficient  allocation  of  resources 
and  assist  in  the  determination  of  each  profit  center's  revenues  and 
costs  (Rof  26:817). 

Transfer  prices  can  servo  their  purpose  only  If  they  lead  division 
managers  to  make  the  same  decisions  top  management  would  make  if  it  had 
full  access  to  all  the  pertinent  information  and  the  time  to  study  the 
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problems.  The  selection  of  the  transfer  price  to  be  utilized  depends 
on  a  variety  of  factors  such  as  the  kinds  of  Information  available  and 
the  objectives  mamtgeraent  hopes  to  accomplish  via  the  profit  center 
concept.  Some  of  the  more  commonly  used  prices  are  variations  of 
market  price,  negotiated  price,  full  cost,  marginal  cost,,  variable  cost, 
and  costs  derived  through  mathematical  programming  techniques.  Although 
some  degree  of  success  has  been  achieved  with  most  of  these  pricing 
rules  there  is  no  general  agreement  that  any  of  them  is  economically 
correct.  In  spite  of  this,  early  successes  by  such  corporate  giants 
as  Geraral  Motors,  DuPont,  and  General  Electric  have  had  significant 
effects  on  other  companies  and  the  government  (Ref  13:144). 
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II,  Transfer  Pricing  within  POD 

Revolving  Funds 

Long  before  the  successful  application  of  the  profit  center  con¬ 
cept  in  private  industry,  economists  and  management  scientists  alike 
were  interested  in  improving  resource  allocation  within  the  Defense 
Department  through  some  form  of  a  competitive  market  price  system. 

One  proposal  designed  to  accomplish  tills  was  offered  by  Abba  Lorner 
in  the  early  stages  of  World  War  II  (Ref  18,';221);  He  suggested  de¬ 
centralization  of  the  military  establishment  and  creation  of  markets 
for  the  purchase  and  salo  of  defense  produced  goods  and  services.  He 
hoped  that  the  reorganized  defense  structure  would  operate  in  a  manner 
similar  to  that  of  the  private,  competitive  sector  of  the  American 
economy. 

tamer’s  system  specified  that  subordinate  commanders  down  the 

■4 

line  should  be  allowed  to  make  use  of  their  specialized  knowledge  to 
accomplish  their  assigned  missions  and  to  obtain  the  necessary  re¬ 
sources  to  do  so.  Once  their  objectives  were  made  known,  individual 
commanders  would  have  to  acquire  the  men  and  materiel,  to  carry  cut 
their  mission  by  purchasing  them  with  limited  funds  in  a  competitive 
market  system.  The  network  of  markets  for  men  and  materiel  would 
provide  the  information  which  the  training  and  materiel  commands 
needed  to  determine  the  relative  usefulness  of  various  skills  and 
instruments.  Theoretically,  at  least,  this  model  would  tend  to  pro¬ 
duce  a  more  efficient  utilisation  of  resources  (Ref  18:222), 

For  a  variety  of  reasons  Lemer’s  proposal  was  not  accepted  but 
it  did  have  beneficial  side  effects.  Of  prime  importance  was  the  fact 
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that  it  spawned  interest  in  the  problem  areas  of  efficiency  and  re¬ 
source  allocation  in  the  military  establishment.  When  private  industry 
began  having  success  with  decentralization  and  profit  centers,  the 
ideas  that  Lerner  had  advocated  received  new  attention.  The  eventual 
result  was  the  Introduction  into  DOD  of  what  is  now  called  the  revolv¬ 
ing  fund  concept. 

The  revolving  fund  Is  basically  an  instrument  of  decentralized 
decision  raak’.ng  which  creates  buyer  and  seller  arrangements  between 
users  and  suppliers  within  DOD.  The  intent  of  these  arrangements  is 

to  encourage  efficient  choices,  by  the  various  military  organizations 

/ 

in  the  selection  of  goods  and  services  (Ref  7:343).  Revolving  fund 
arrangements  are  usually  either  in  the  form  of  stock  funds  or  indus¬ 
trial  funds,  and  are  merely  appropriated  working  capital  arrangements 
designed  to  create  a  business  atmosphere.  Stock  funds  finance  activi¬ 
ties  that  purchase  expendable  materials  from  outside  the  government, 
such  as  enlisced  men’s  clothing,  petroleum  products,  and  medical 
supplies.  Industrial  funds  finance  activities  such  as  military  air 
and  sea  transportation,  cesting  services,  and  government  printing 
establishments  (Ref  18:224). 

Hffcch  and  McKean  refer  to  the  command  organizations  that  utilize 
these  funding  arrangements  as  "firms, "  and  they  go  on  to  say  (Ref  18: 
225): 


The  firms  operatiig  both  kinds  of  funds  purchase  their 
inputs,  adopt  businesslike  accounting  systems,  charge  prices  - 
to  the  military  units  or  others  who  buy  their  outputs,  submit 
prof it-and»loss  statements,  and  try  to  maximize  "profits,"  ... 
The  funds  are-  expected  to  bring  about  three  types  of  improve¬ 
ment.  Fi~st,  their  managers  will  be  motivated  to  conduct  them 
more  efficiently,  because  there  will  be  a  more  appropriate 
indicator  of  efficiency  than  would  otherwise  exist  ....  Second, 
customers  will  b-~  motivated  to  find  cheaper  substitutes  and 
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ways  of  using  loss  of  these  products  ....  Third,  the  outputs 
of  these  establishments  will  be  allocated  more  efficiently— 
that  is,  put  to  their  most  valuable  uses— because  they  will 
be  rationed  by  "market  prices"  rather  than  by  bare  shelves  or 
semi-arbitrary  quotas. 

One  of  the  most  important  considerations  in  any  price-market 

f 

system  Is  the  measure  of  economic  worth  ascribed  to  each  of  the  trans¬ 
ferred  commodities.  It  has  ooen  said  that  regardless  of  how  management 
responsibilities  are  divided  no  decision  maker  can  efficiently  allocate 
resources  if  the  prices  do  not  reflect  their  full  value  (Ref  21j20). 

As  long  as  military  goods  and  services  are  not  traded  in  the  open 
market,  full  value  prices  cannot  be  determined.  It  does  seem  reason¬ 
able,  however,  that  transfer  prices  can  be  established  that  will  im¬ 
prove  resource  allocation  within  the  DCD.  That  this  is  at  least 
partially  correct  has  been  borne  out  by  Navy  experiences  with  indus¬ 
trial  funding. 

In  addition  to  other  areas,  particular  success  has  been  claimed 
by  the  Navy  in  its  Research  and  Development  (K&D)  facilities*  The 
Naval  Research  Laboratory  was  placed  on  industrial  funding  In  early 
1953.  This  was  quickly  followed  by  implementation  of  the  system  at 
the  Naval  Ordnance  Laboratory  and  the  Naval  Ship  Research  and  Develop¬ 
ment  Center.  The  results  were  such  thet  the  Navy  added .fourteen  more 
R6C  activities  to  the  industrial  funding  system  in  the  60*s  and  early 
70*s  (Ref  2:3).  Claims  of  success  for  the  system  were  not  limited  to 
the  Navy.  The  Army  also  implemented  a  form  of  industrial  funding  in 
some  of  Its  transportation  depots,  ordnance  arsenals,  and  research 
facilities  (Ref  10:472).  Unfortunately,  this  pattern  of  success  does 
not  hold  everywhere.  * 
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The  AEDC 


There  has  at  least  been  cne  major  effort  to  apply  the  revolving 
fund  concept  where  the  general  concensus  is  that  results  were  unsatis¬ 
factory.  Prior  to  discussing  that  specific  situation  a  brief  hlstori- 

% 

cal  review  oc  its  implementation  is  in  order. 

In  the  early  1950's  Congress  passed  a  set  of  laws  entitled  The 
Budgeting  and  Accounting  Procedures  Act.  The  purpose  of  these  laws 
was  to  provide  the  basic  framework  for  budgeting  and  financial  manage¬ 
ment  procedures  within  the  federal  government.  The  Department  of 
Defense  and  the  Air  Force  in  particular  were  slow  to  comply  with  these 
laws  and  subsequently  came  under  attack  from  the  Government  Accounting 
Office  and  Congress, 

In  answer  to  these  pressures  the  Assistant  Secretary  of  Defense, 
Comptroller,  issued  a  set  of  directives  in  1966  under  the  collective 
title  of  the  Resource  Management  System  (RMS).  Although  designed  to 
overhaul  existing  budgeting  and  accounting  systems,  a  major  feature  of 
RMS  was  to  make  users  of  resources  responsible  for  budgeting  and  paying 
for  their  needs  (Ref  3:1), 

Compliance  with  these  directives  for  the  Air  Force  resulted  in 
implementation  off  the  Air  Fo;'<  '  Industrial  fund  (AFIF)  activities 
which  included  the  Airlift  Service,  Depot  Maintenance,  Laundry  and 
Dry  Cleaning,  and  Printing  Funds.  A  modification  of  tho  industrial 
fund  concept  was  outlined  for  use  lr»  Research  and  Development  activi¬ 
ties  and  designated  as  a  service  or  user  fund.  Although  its  operation 
appeared  fairly  simple  the  desired  results  were  not  always  achieved. 

It  required  managers  of  R&D  projects  to  issue  funded  work  orders  to  a 
service  fund  manager  responsible  for  performing  the  needed  test 
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activities.  After  completion  of  the  task,  the  service  fund  manager 
would  charge  the  costs  to  the  service  fund  which  In  turn  would  receive 
reimbursement  for  the  project  from  the  manager  of  the  project.  At  the 
end  of  each  accounting  period  the  service  fund  should  show  revenues 
equal  to  expenses.  It  was  designed  as  a  zero  profit  industrial  fund, 
but  it  did  not  ai-'tys  operate  that  way. 

DODI  7220.24  required  that  at  least  one  R&0  activity  within  each 
branch  of  the  DCQ  be  operated  under  the  service  fund  concept  or  some 
similar  alternative  not  later  than  l  July  1968.  To  comply  with  thisv 
instruction,  the  Air  Force  selected  the  Arnold  Engineering  Development 
Center  (AEDC)  located  in  Tennessee.  AEDC  was  selected  because  It  was 
considered  to  be  the  only  R&D  activity  which  had  a  management  informa¬ 
tion  system  capable  of  supporting  service  fund  procedures.  The  manage¬ 
ment  device  responsible  for  this  selection  was  the  accounting  system 
employed  by  ARO  Inc.,  the  contractor  for  Arnold’s  work.  Plans  were 
also  made  to  eventually  implement  service  funding  at  the  Rome  Air 
Development  Center  in  New  York  arid  t»u  Ur  Force  Flight  Test  Center 
at  Edwards  AFB,  California  (Ref  ls2). 

Service  funding  was  initiated  at  AEDC  on  a  trial  basis  in  July 
of  1968.  The  costs  recoverable  from  chains  to  users  amounted  to 
about  87  per  cent  of  the  facility's  total  :«r'paises.  In  th's  first  year 
AEDC  was  funded  as  it  had  be«n  in  prior  years,  but  ac  the  service  fund 
manager  it  billed  Itself  as  program  manager  and  associated  the  basic 
costs  incurred  with  each  of  the  benefitting  programs  an  after-the- 
fact  basis.  For  FY  70  the  user  programs  wore  funded  to  simulate  actual 
service  fur  A  operations,  but  they  were  restricted  from  using  them  for 
any  purpose  other  than  AEDC  testing  without  AFSC  approval.  In  FY  71 
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this  restriction  was  removed  and  the  service  fund  was  considered  fully 
operational.  Unfortunately,  difficulties  emerged  early  in  the  test 
period  which  persisted  throughout  the  life  of  the  fund  at  AEDC 
(Ref  1:7). 

In  December  of  196$,  General  Lowe,  Commander  of  AEDC,  gave  a 
briefing  to  the  Air  Staff  ani  cited  the  major  problems  arising  from 
the  service  fund  concept.  These  included  an  inability  of  the  Center 
to  accurately  predict  workloads,  an  inability  to  reduce  expenses  when 
the  forecast  w^rkload^.  failed  to  materialize,  and  competition  from  test 
facilities  which  were  not  under  the  service  fund  concept  (Ref  1:9). 

As  an  example,  the  forecast  tunnel  time  utilization  attributable  to 
specific  projects  In  FY69  was  4U,000  hours.  Of  those,  only  16,000 
hours  actually  material Ued.  To  further  ccnf  .se  their  forecasting,  capa¬ 
bility,  some  28,000  hours  of  tunnel  testing  not  anticipated  were  re¬ 
quested  by  and  provided  to  other-facility  users  (Ref  24:1). 

As  a  result  of  these  experiences  there  were  many  suggestions  to 
eliminate  user  funding  or  implement  sane  alternative  funding  system. 

One  suggestion-'/that  appeared  in  March  of  1971  proposed  that  all  ex¬ 
penses  arising  from  the  fundamental  existence  of  AEDC  be  institutionally 
funded  while  expenses  directly  associated  with  tests  be  recovered 
through  the  service  fund,  Perhaps  the  biggest  advantage  of  this  sug¬ 
gestion  was  that  it  would  have  permitted  AEDC  to  lower  the  prices 
charged  for  services  rendered.  This  plan  was  not  implemented,  however, 
because  such  e  combined  funding  arrangement  was  considered  to  be  in 
violation  of  existing  DCD  directives.  After  continued  failures,  the 
user  funding  concept  was  eventually  terminated  at  AEDC  with  the 
conclusion  of  FY72, 
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The  future  of  service  funding  in  Air  Force  R&D  facilities  does 
not  end  with  the  AEDC  misfortune.  In  October  of  1971  Deputy  Secretary 
of  Defense  Packard  sent  out  a  memorandum  requesting  formation  of  a 
Study  Group  to  Investigate  the  funding  policies  in  existence  at  26 
major  DOD  Test  and  Evaluation  (T&E)  activities  and  to  make  recommenda¬ 
tions  for  improvement  (Ref  22:3),  The  Study  Group  was  chaired  by 
Deputy  Assistant  Secretary  uf  Defense  (Systems  Policy  and  Information) 
George  W.  Bergquist,  and  the  final  report  was  submitted  in  April  1972 
(Ref  9s 1-102). 

The  study  recognized  the  many  complexities  of  financial  management 
involved  in  a  uniform  system  of  funding*  but  stated  that  the  primary 
problem  was  to  reconcile  the  differing  motivations  of  the  T&E  support 
activity  managers  and  the  project  managers  who  used  the  T&E  facilities 
(Ref  9:22).  It  is  reasonable  to  extend  this  one  step  further  and  state 
that  the  objectives  of  both  groups  must  be  in  accord  with  the  objec¬ 
tives  of  the  DO D.  The  user  funding  :oncept  is  a  form  of  decentralised 
management  and  a  primary  requisite  of  this  is  that  the  objectives  of 
the  lower  level  managers  should  promote  actions  that  are  generally 
consistent  with  the  objectives  of  the  organization  (Ref  24:18). 

The  Study  Group  established  four  alternatives  as  possibilities 
for  dealing  with  the  problems  associated  with  T&E  funding  activities. 
These  are  as  follows  (Ref  9:75): 

1.  User  funding  of  direct  costs  only  at  all  26  activities  and 
identification  of  each  activity  as  a  separate  line  item  in 
budget  justification. 

2.  User  funding  of  direct  costs  and  some  indirect  co.1  ts  at  all 
26  activities. 

3.  User  funding  of  at  least  direct  cost  at  ail  but  six  of  the 

26  ranges.  Those  six  have  long  been  designated  as  national  ranges 
Because  of  certain  operational  and  administrative  differences. 
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4.  Reaffirm  existing  funding  policies,  which  amounts  to 
perpetuation  of  the  many  different  existing  arrangements. 

Of  these,  the  first  was  recommended,  oven  though  the  Study  Group  recog¬ 
nized  that  this  proposal  constituted  a  combination  of  institutional 
and  user  funding  which  had  previously  been  rejected  as  illegal.  Conse¬ 
quently,  they  proposed  a  change  in  the  law  to  make  this  alternative 
possible.  The  facts  th  i  all  26  T&E  facilities  would  be  affected  and 
that  users  would  be  required,  to  make  adjustments  in  their  leng-range 
cost  estimates  of  testing  were  viewed  as  the  primary  disadvantages  of 
this  alternative.  In  other  words,  the  group  viewed  the  changes  as 
unsettling  and  felt  that  implementation  would  have  to  be  carefully 
accomplished  and  closely  monitored  (Ref  9i75-77). 

Historical  Implications 

A  number  of  factors  emerge  from  this  historical  background. 
Without  denying  the  existence  of  others,  a  listing  of  some  of  the  more 
important  highlights  follows; 

1.  There  will  be  continued  efforts  to  transfer  successful 
private  sector  managerial  philosophies  and  techniques  to  the 
public  sector. 

2.  There  will  be  continued  efforts  at  decentralization  which 
will  involve  some  form  of  transfer  pricing. 

3.  000  will  place  an  increasing  emphasis  cn  efficient 
resource  allocation. 

4.  Some  form  of  price-market  system  is  fundamental  to 
efficient  resource  allocation. 

5.  Objectives  of  lower  level  managers  must  be  consistent 
with  the  objectives  of  the  whole  organization  if  decentraliza¬ 
tion  is  to  be  effective. 

This  thesis  is  a  direct  result  of  the  above  listed  factors  and 
the  Air  Force  experience  at  AEDC.  It  is  not  an  attempt  to  solve 
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single-handedly  the  problems  of  budgeting  and  financial  management, 
but  an  effort  to  gain  some  insight  into  one  aspect  of  motivating 
efficient  resource  allocation.  The  remainder  of  this  thesis  will 
therefore  be  concerned  with  economically  defensible  transfer  pricing 
systems. 
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III.  Deterministic  Transfer  Pricing  Models 


The  Approach 

In  seeking  reasons  for  the  failure  of  user  funding  at  AEDC,  fcwc 
questions  seem  to  stand  out.  First,  was  the  value  established  as  the 
transfer  price  correctly  chosen,  and  second,  what  effect  does  uncer¬ 
tainty  have  on  a  transfer  price?  Before  addressing  these  questions  it 
seems  appropriate  to  recall  that  the  profit  center  and  transfer  price 
concepts  were  initiated  in  DCO  because  of  their  success  in  private 
industry.  The  concepts  were  created  under  a  viable  market  system  and 
employed  there  prior  to  being  transferred  to  the  artificially  induced- 
market  systems  of  the  Defense  Department. 

The  failure  of  the  user  funding  systems  at  AEDC  was  preceded  by 
similar  misfortunes  in  industry.  Such  corporate  giants  as  Ampex  and 
Cutler-Hammer  experienced  near-disaster  with  their  initial:  attempts  at 
profit  center  reorganization  (Ref  8:29).  Successes  ar  failures  alike 
have  secured  through  the  implementation  of  a  variety  of  transfer 
pricing  schemes.  As  mentioned  previously,  some  commonly  used  values 
are  variations  of  market  price,  negotiated  price,  full  cost,  marginal 
cost,  and  /arlable  cost.  It  has  been  stated  that  the  major  pre¬ 
requisite  of  a  transfer  price  is  that  it  be  consistent  with  the  objec¬ 
tives  of  the  company  (Ref  12:172),  but  It  has  also  been  argued  that 
many  of  the  systems  employed  arc  economically  indefensible  in  both 
theory  and  practice  (Ref  11:74), 

If,  In  fact,  many  of  the  transfer  prices  employed  in  the  private 
sector  are  economically  indefensible,  it  seems  premature  to  discuss 
the  "correct*'  transfer  price  for  use  in  the  artificial  markets  of  DCO, 

17 
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Consequently,  the  approach  of  this  study  will  be  to  postulate  a  viable 
market  economy  In  the  quest  for  an  appropriate  transfer  price. 

In  spite  of  the  inability  to  find  complete  agreement  on  a  transfer 
price  value,  most  economists  concur  that  a  model  developed  by  Jack 
Hirshlelfer  has  a  reasonably  sound  economic  basis.  His  model  first 
appeared  in  an  article  published  in  1956  under  the  title  of  ''On  The 
Economics  of  Transfer  Pricing»(Ref  17:172-184).  Since  then  it  has 
frequently  been  used  as  a  platform  for  theoretical  and  practical 
extensions. 

The  Hirshlelfer  Analysis 

The.  Hirshlelfer  analysis  assumes  that  a  firm  is  composed  of  two 
or  more  autonomous  profit  centers,  each  of  which  has  the  objective  of 
profit  maximization,  and  that  it  is  possible  for  the  exchange  of  goods 
to  take  place  between  the  centers. -  The  problem  is  to  determine  the 
price  at  which  the  transfers  are  to  take  place,  and  the  goal  is  to  set 
the  price  such  that  the  separate  centers  will  make  decisions  which 
yield  the  largest  aggregate  profit  for  the  firm  as  a  whole. 

His  model  assumes  a  firm  with  two  such  centers;  a  manufacturing 
division  (seller)  and  a  distribution  division  (buyer),  where  the 
commodity  exchanged  is  referred  to  as  the  intermediate  product.  Both 
divisions  exist  under  conditions  of  demand  and  technological  inde¬ 
pendence  where  demand  independence  means  that  an  additional  sale  by 
either  division  does  not  reduce  the  external  demand  for  the  other 
division.  Similarly,  technological  independence  means  that  operating 
costs  of  the  divisions  are  independent  of  one  another. 

A  number  of  cases  with  this  basic  setup  were  examined  by 
Hlrshleifer  and  the  following  conclusions  wore  reached  (Ref  17:183). 
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1.  In  the  absence  of  an  intermediate  market,  the  optimal  transfer 
price  is  the  marginal  cost  of  the  selling  division. 

2.  If  the  Intermediate  product  has  a  perfectly  competitive 
market,  the  transfer  price  should  be  the  market  price.  If  the 
intermediate  market  is  imperfectly  competitive,  the  transfer 
price  Should  again  be  the  marginal  cost  of  the  selling  division. 

3,  In  the  absence  of  demand  independence,  the  transfer  price 
should  be  somewhere  between  marginal  cost  and  market  price. 

4,  The  optimal  transfer  price  rule  leads  to  correct  output 
decisions  only  where  marginal  rules  apply.  For  capital  deci¬ 
sions  such  as  make  or  buy,  examination  of  the  total  magnitudes 
Involved  Is  necessary. 

The  arguments  employed  by  Hirshleifer  in  reaching  these  conclu¬ 
sions  were  based  on  economic  theory  and  the  use  of  graphical  analysis. 
Many  economists  have  attempted  to  fault  his  reasoning  but  the  most 
valid  criticisms  have  come  from  Shillingham,  Gordon,  and  Enzer 
(Ref  26:827);  (Ref  15:23);  (Ref  14:7).  These  criticisms  can  be  sum¬ 
marized  as  follows: 

r 

1.  Most  firms  are  unable  to  develop  the  required  marginal 
cost  and  marginal  revenue  schedules  necessary  to  implement 
the  model,; 

2.  Divisional  autonomy  is  'sacrificed  through  the  necessity  to 
Introduce  constraints  specifically  designed  to  prevent  sub¬ 
optimization. 

3.  In  the  absence  of  an  external  market  the  first  division 
may  be  forced  to  operate  at  a  loss.  This  fails  to  provide 
adequate  consideration  of  the  performance  measurement  concept 
of  decentralization. 

A  recent  analysis  conducted  by  Herman  Enzer  dealt  with  these 
flaws,  provided  results  that  differ  from  those  obtained  by  Hlrshlcifer, 
and  is  amenable  to  the  Introduction  of  uncertainty  (Ref  14:1*58). 


The  Enzor  Analysis 

The  basic  assumptions  of  the  Hirshleifer  and  Enzer  analyses  are 
the  same  except  that  the  former  relied  on  a  graphical  analysis  while 
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the  latter  employed  a  mathematical  analysis.  Enzer's  model  postulated 
econcmic  revenues  and  costs  for  the  firm  and  its  divisions  and  em¬ 
ployed  calculus  to  determine  a  set  of  optimizing  conditions.  By 
solving  for  the  firm’s  optimal  conditions  first,  he  found  it  possible 
for  the  firm  to  designate  to  the  divisions  the  value  the  transfer 
price  should  take  In  order  to  maximize  the  firm’s  profits  as  a  whole. 
Under  a  variety  of  static  and  deterministic  conditions  that  value 
proved  to  be  some  form  of  an  average  cost. 

The  Enzer  model  will  be  presented  with  two  cases.  The  first  case 
will  assume  no  market  for  the  intermediate  product  and  the  second  will 
assume  the  existence  of  such  a  market.  In  this  model  and  all  subse¬ 
quent  mathematical  formulations  the  functions  presented  will  be  con¬ 
sidered  to  be  both  continuous  and  differentiable. 

Case  1:  No  Market  for  the  Intermediate  Product 

the  firm  is  made  up  of  two  divisions:  Division  1  is  a  basic 
manufacturing  center  and  Division  2  is  a  finishing  and  sales  center. 
Both  divisions  are  to  be  treated  as  autonomous  profit  centers,  and 
along  with  the  firm,  have  profit  maximization  their  objective. 

Division  l  uses  xj  and  X£  as  inputs  to  produce  the  Intermediate 
output  u  where  the  input-output  relationship  can  be  expressed  by  the 
production  function  u  «  f(xj_,X2).  The  division  purchases  its  inputs 
at  known  constant  prices  of  r^  and  r2  resulting  in  a  total  cost  func¬ 
tion  of  the  form  C^(u)  -  rjXj  ♦  *2X2*  sei*s  its  output  u  at  the 
yet  to  be  determined  transfer  price  of  ru  to  Division  2.  Letting  ruu 
represent  revenue  and  represent  profit.  Division  l's  objective 


GSA/SM/73-1 


may  be  written  as 

maximize  »  ruu  -  r^x^  »  ^2 

subject  to  u  *  f(xj,X2>. 

The  constraint  is  merely  saying  that  the  division  wants  to  produce 
only  what  it  will  sell.  Division  l's  decision  variables  are  Xj  and  X£. 

Division  2  uses  X3  and  u  as  inputs  to  produce  the  final  product 
where  the  input-output  relationship  can  be  expressed  as  the  production 
function  q  »  gCxj,  u).  Total  cost  of  production  is  represented  by 
C2(q)  •  rgXg  *  ruu  where  rj  is  the  constant  price  of  X3,  and  ru 
represents  the  unknown  transfer  price  of  u.  The  final  product  is  sold 
*  on  the  market  at  the  price  p  which  produces  a  revenue  denoted  by  pq. 
Representing  its  profit  by  H2 *  Division  2’s  objective  may  be  written 

*  i 

.  as 

maximize  ■  P<1  *  rgXg  -  ruu 

subject  to  q  »  g(x3>  u). 

As  before  the  constraint  merely  says  the  division  wants  to  produce 
only  what  it  can  sell.  For  Division  2  the  decision  variables  are 
X3  and  u. 

For  the  firm  as  a  whole  revenues  are  obtained  through  the  sale 
of  q  in  the  market,  represented  by  pq,  while  total  cost  is  C(q)  * 
rlxl  *  r2x2  *  r3x3«  Denoting  the  firm’s  profit  by  II,  the  objective 
may  be  written  as 

maximize  II  "  pq  •  r^x^  -  ^2  -  rgXg 
subject  to  u  «  and  q  -  g(Xg,  u). 
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The  transfer  price  ru  does  not  appear  in  the  equation  of  the  firm 
because  as  a  cost  it  is  Included  in  the  term  rjXj  ♦  *2*2*  ftn<*  ** 
not  a  revenue  because  it  constitutes  a  sale  by  the  firm  to  Itself. 
Decision  variables  for  the  firm  as  a  whole  are  x^,  x^»  and  u. 

The  above  objective  and  constraint  equations  may  be  written  in 
Lagrangian  form  for  both  divisions  and  the  firm  as 

L1  "  ruu  "  rlxl  *  r2x2  "  *>1  [f(*i»*2>  “  UJ 

&2  -  Pg(x3,u)  -  r3x3  -  ruu 

X.  -  pg(x3,u)  -  r^  -  r2x2  -  r^  -  A  [fCx^Xj,)  -  u] 


where  Aj  and  A  represent  Lagrangian  multipliers.  Optimal  solutions 
for  these  equations  can  be  found  by  differentiation  with  respect  to 
the  decision  variables  and  equating  the  differentials  to  sero.  This 
results  in  the  following  set  of  first  order  equations  necessary  to 
produce  a  maximum: 


Dlv  1  Dlv  2 

rl  "  “Ml 

r2  *  "M2 

f  m  U 

pg3  -  r3 

3<fuu)/du  -  -  Ai  d(ruu)/au  -  pgu 


Firm 

ri  - 

r?  *  -A  ^2 
f  »  u 
pg3  -  r3 
Pgu  -  -A 


Here  fj  ■  df/dxj,gu  «  dg/du,  etc.  Note  that  u  is  determined  for 
Division  1  by  Division  2,  and  hence  Is  a  constant  for  Division  1. 

For  Division  2  it  is  a  variable  and  it  is  necessary  to  assume  that  ru 
is  a  function  of  u.  HIrshleifer's  failure  to  consider  the  transfer 
price  as  a  function  of  output  is  the  primary  difference  between  the 
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Enter  and  Hirshloifer  models.  If  ru  Is  assumed  constant,  the  final 
solution  reduces  to  that  obtained  by  Hirshleifer. 

To  produce  an  optimal  solutiCn  for  the  separate  divisions  and 
simultaneously  produce  an  optimal  solution  for  the  firm,  there  must 
be  agreement  between  the  above  sets  of  equations.  Note  that  if  the 
first  equation  for  Division  1  is  multiplied  by  dXj,  the  second  by 
dX2,  and  the  two  equations  are  added,  the  result  is 

rjdXj  ♦  ■  -Xj  (fjdxj,  4-  f2dX2>. 

The  quantity  to  the  loft  is  the  total  differential  of  the  cost 
equation  for  Division  1,  and  the  quantity  in  parentheses  on  the  right 
is  the  total  differential  of  the  production  function.  Therefore,  the 
Lagrangian  multiplier  equals  (-1)  times  the  marginal  coot  of  Division 
1,  l.e. ,  X^  ■  -dCj/du. 

To  foref  the  three  sets  of  equations  to  be  consistent  it  is  neces¬ 
sary  to  equate 

d(ruu)/du  -  -  pgy  »  dCj/du 

This  Is  accomplished  easily  enough,  and  to  solve  for  an  optimal  value 
cf  the  transfer  Price,  let 

ruu  •  /£dCj(u)/du3du  4>  k  »  Cj(u)  *  k 

or  ru  «  £ci(u)  ♦  k]/u  *  Cj(u)/u  ♦  k/u 

where  k  represents  fcbo  constant  of  integration,  and  the  term  C^(u)/u 

> 

represents  the  average  variable  cost  of  Division  1.  As  k  is  arbi¬ 
trary  the  selection  of  k  *  0  would  result  in  the  transfer  price  being 
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equal  to  the  average  variable  cost  while  setting  k  equal  tctal  fixed 
cost  would  result  in  the  transfer  price  being  equal  to  average  total 
cost.  Hence,  in  this  situation  it  is  some  sort  of  an  average,  and  not 
necessarily  marginal  cost  as  Hirshleifer  concluded.  It  is  worthwhile 
to  note  here  that  by  setting  k  equal  to  total  fixed  coat.  Division  Vs 
receipts  just  cover  costs,  i.e.,  ruu  -  Cj.(u)  ♦  fixed  cost.  As  k  is 
purely  arbitrary  and  there  does  not  appear  to  be  a  rationale  for  a 
particular  value.  Division  1  can  be  treated  as  a  cost  center  rather 
than  a  profit  center  by  setting  k  «  0.  This  would  alleviate  the  prob- 
lem  of  negative  profits  that  was  created  in  the  Hirshleifer  model. 

Case  2 i  Market  for  the  Intermediate  Product 

The  rationale  ana  terms  of  this  model  are  very  similar  to  those 
% 

of 'Che  preceding  case  except  that  it  is  new  assumed  that  the  inter¬ 
mediate  product  has  an  external  market  and  that  external  demands  for 
the  intermediate  and  final  products  are  independent.  Hence,  the  product 
u  is  now  u  *  uj  ♦  U2  where  uj  represents  that  portion  sold  on  the 
external  market  at  the  prevailing  market  price  m,  and  u?  represents 
that  portion  transferred  to  Division  2  At  tho  yet  to  be  determined 
transfer  price  of  ru.  As  Division  1  derives  an  external  revenue,  it 
is  now  properly  referred  to  as  a  profit  center.  Using  the  same 
symbols  employed  in  the  preceding  case  with  the  noted  addition,  the 
corresponding  objective  and  constraint  equations  become* 

Division  1:  maximize  III  "  raul  *  ruu2  "  rlxl  *  r2x2 
subject  to  u  »  f (x i ,X2 )  and  u  ■  uj  ♦  uj, 
with  decision  variables  Xj ,  x-^ »  uj ,  U2,  and  u; 
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Division  2j  maximize  H2  *.pq  *  *3*3  -  ruu2 
subject  to  q  •  gCxj^u), 
with  decision  variables  X3  and  u2> 

Firm:  maximize  II  «  pq  ♦  muj  -  rjXj  -  r2x2  -  r3x3 

subject  to  u  <■  f(x^,x2),  u  «  Uj  ♦  u2»  and  q  »  g(x3,u), 
with  decision  variables  Xj*  x2,  x3,  uj,  and  u. 

The  corresponding  Lagrangiar.  functions  become 

Lj  •»  fflUj,  ♦  ruu2  -  rjXji  <*  r2x2  "  X  j£f  (x^,x2)  •  u3  -  6  j£uj  ♦  u2  -  u[) 

I<2  -  pg  (x3,u2)  -  r3x,  -  ruu2 

L  ■  pg  (x3,u2)  v  muj  -  r^Xj  -  r~x2  “  r3x3  -  X[f (XjX2)-u3-8£uj+u2-u] 

where  Xj,  X,  0j,  and  8  represent  Lagrangian  multipliers.  The  first 
order  conditions  to  produce  a  maximum  are  then  given  bys 


Division  1  ~  Division  2  Finn 

rl  *  ”X]if  1  rj  »  »Xfj 

r2  •  *Xif2  r2  m  «Xf2 

f  *»  u  f  «  u 

ui  +  u2  -  u  uj  ♦  u2  -  u 

X ji  "  *6j  X  ■  *8 

m  »  8j  m  »  8 

pg3  -  r3  pg3  -  r3 

d<ruu2)/du2  -  8j  a(ruu2)/au2  -  pg^  8  «  pg^ 


As  in  Case  i  it  can  be  shown  that  X  -  Xj  ■  -dCj/du,  or  Xj  Is  (-1)  times 
the  marginal  cost  of  Division  1.  To  produce  simultaneously  optimal 
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conditions  it  is  necessary  to  set  d<ruU2>/du2  *  «  "  -A**  which  loads  to 


ruV2  *  /  indu2  “  / 


dCi 

du 


du2 


•  ei»2  ♦  k  •  Cj<uj  ♦  U2)  ♦  k 

k  CiCnj  ♦  U2)  *  k 

u  U2  U2 


The  terra  k  represents  the  constant  of  integration,  from  the  indefinite 
integrals.  If  k  is  set  equal  to  zero  and  the  market  price  is  constant. 


V- 

4 


the  resulting  optimal  transfer  price  is  equal  to  the  market  price  as 
Hirshleifer  theorized. 

But  if  the  mart' at  price  £f  the  intermediate  product  is  affected 
by  the  quantity  of  production  as  in  the  case  of  imperfect  competition, 
the  middle  integration  Is  no  longer  valid  as  a  market  price  interpret 
tatlon  and  the  optimal  transfer  price  Is  given  by  the  right  hand  side 
of  the  equality.  In  attempting  to  establish  a  value  for  the  integra¬ 
tion  constant  k,  note  that  the  numerator  of  the  term  C^(uj  ♦  u2)/°2 
represents  the  cost  of  producing  both  u^  and  U2  and  not  just  the  amount 
purchased  by  Division  2.  Consequently,  a  likely  candidate  for  the 
constant  Is  -C<uj)  which  would  tend  to  make  Division  2*s  costs  u'ore 
directly  related  to  its  own  production  efforts.  Regardless  of  the 
value  k  Is  given,  the  transfer  price  will  be  an  average  cost  and  not 
marginal  cost  as  Hirshleifer  theorized. 


.1 

% 

4 
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The  Revised  Enzer  Model 

The  Enzer  models  concluded  that  in  the  case  of  deterministic 
external  market  demands,  the  optimal  transfer  price  should  be  some 
form  of  an  average  cost  with  the  integration  constant  specifying  what 
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the  exact  form  will  ha.  It  Is  possible  to  introduce  uncertainty  into 
these  models  but  -the  resulting  equations  become  quite  complicated. 
Consequently,  some  simplifying  techniques  will  now  be  introduced. 

The  previous  models  have  comprised  a  single  stage  solution  to -the 
problems  of  optimal  input  mixes  and  optimal  output  quantities..  This 
will  now  be  altered  so  that  the  problem  will  consist  of  two  stages. 

The  first  stage  is  the  determination  of  the  optimal  input  mix,  which 
will  be  assumed  solved,  and  the  second  stage  is  the  determination  of 
the  optimal  output  quantities,  which  is  the  problem  at  hand.  The  -re¬ 
vised  formulation  will  now  be  presented  for  the  external  intermediate 
market  case  only.  A  slight  modif ication  of  this  model  is  necessary  to 
formulate  the  case  of  no  external  intermediate  market. 

As  in  the  model  of  Case  2,  Division  1  produces  the  intermediate- 
product  u.  The  output  u  is  equal  to  the  sum  of  u^  and  U£  where  u* 
represents  the  quantity  of  u  to  be  sold  on  the  external  market  at  the 
price  m  and  112  represents  the  quantity  to  be  sold  to  Division  2  at-the 
yet  to  be  determined  transfer  price  of  ru.  The  cost  of  producing  u  is 
given  by  Cj,(u)  •  Cj(uj  4-  U2).  The  division  has  a  decision  variable 
of  u*  and  the  objective  of  maximizing  its  profit  which  is  given  by 

fl*  -  nuj  4-  ruu2  -  CjCuj  4-  u2).- 

Division  2  produces  the  final  product  q  for  sale  in  the  external 
market  at  the  market  price  p.  The  product  q  is  produced  from  inputs 
of  U2  plus  a  combination  of  other  materials.  The  cost  of  U2  is  the 
yet  to  be  determined  transfer  price  ru  and  the  cost  of  all  other 
inputs  is  given  by  C2(q).  This  division  has  q  as  a  decision  variable 
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and  its  objective  is  to  maximize 


fi2  -  K  -  C2(q)  -  ryU2« 

ww 

The  firm  as  a  vhole  soils  q  and  u2  on  the  external  market  at  the 
prices  of  p  and  m  respectively.  Its  total  costs  are  given  by  Cj(uj+  u^)» 
which  is  the  cost  of  producing  u,  plus  C2(q),  which  is  the  cost  of  all 
inputs  to  q  other  than  u.  With  decision  variables  of  u2  and  q  the  firm 


seeks  to  maximize 


II  *  mu2  ♦  pq  •  Cj^Cuj  +  u2)  -  Cp  (q). 


The  first  order  conditions  for  optimization  of  these  objective 
functions  are  given  by  the  partial  derivatives  with  respect  to  the 
decision  variables.  These  are 

rv.  .  .  <•  dmui  dCt(ui  ♦  u2)  d(ui  *  u2)  A 

Division  li  - — £•  «•  —Ay..* - - —  -  0 

dUj  d(u2  ♦  u2)  du2 

.  .  _  3pq  dC2(q)  d(ruu2)  du2 

Division  2 1.  — Z  -  — -  - ILjL.  ,  — L  -  0 

dq  dq  du2  v  dq 


Firm; 


drauj  dCj(uj  +  u2)  d(u2  ♦  u2)  q 
duj  d<uj  ♦  u2)  duj 


dpq  _  d.C2(q)  ^  dC^Cu^  »  u2)  d(u2  ♦  u2)  du2 
dq  dq  d(uj  ♦  U2)  du2  dq 

To  ensure  optimal  conditions  in  the  firm  and  its  divisions,  the 
following  equalities  must  hold 

d(ruu2)  du2  dCi(uj  ♦  u2)  du2 
du2  ’  dq  du2  *  dq 


dmuj  bCi(u\  ♦  u2) 
d-i  duj 
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Hence 

ruu2  "  /radu2  “  /  du2 

k  cl<ul  +  u2)  ♦  k 
ru  »  m  +  U2  -  U2 

Noto  here  that  as  In  the  Enzer  model  the  middle  terms  in  the  equality 
hold  only  if  the  market  price  of  the  intermediate  product  is  constant. 
This  result  is  identical  *:o  that  obtained  in  Case  2,  and  it  is  this 
last  model  that  will  be  used  as  a  basis  for  the  introduction  of 
uncertainty  in  the  next  chapter.  Primary  emphasis  will  be  placed  on 
application  of  the  techniques  that  have  evolved  in  stochastic  inventory 
theory  (Ref  16:370-396);  (Ref  5:  110-153). 
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IV.  Stochastic. Transfer  Pricing  Models 

The  Approach 

Selman  and  Selman  (Ref  25 si-16)  have  summarized  some  of  the 
decision  rule  alternatives  available  for  use  under  conditions  of 
certainty,  risk,  and  uncertainty.  By  their  classification  certainty 
or  deterministic  situations  are  those  that  typically  occur  in  the  bulk 
of  formal  economic  and  management  science  theory.  Usually  the  deci¬ 
sion  rule  employed  is  to  select  that  alternative  from  the  set  of  all 
i  possibilities  which  maximizes  (or  minimizes)  some  giver,  index  such  as 
value  or  utility.  The  deterministic  models  of  the  preceding  chapter 
can  be  cited  as  examples  of  decision  making  under  conditions  of 
certainty. 

Risk  has  been  defined  by  those  authors  as  that  situation  in  which 
each  action  may  result  in  more  than  one  consequence  depending  upon  the 
state “of  nature,  and  where  each  state  of  nature  has  a  known  or  presumed 
known  probability  associated  with  it.  The  decision  rules  usually 
applied  to  conditions  of  risk  are  as  follows; 

1.  Maximum  Expected  Value  Criterion 

2.  Maximum  Subjective  Utility  Criterion 

3.  Most  Probable  Future  Principle  Criterion 

4.  Expectation-Variance  Principle 

5.  Simon-March  "Satisficing  Hypothesis" 

6.  Bayes  Decision  Criterion 

Finally,  complete  uncertainty  is  defined  as  that  situation  in 
which  each  action  may  result  in  more  than  one  outcome,  depending  upon 
the  state  of  nature,  but  where  each  state  of  nature  has  an  unknown 
probability.  The  decision  tries  associated  with  uncertainty  do  not 
depend  upon  the  assignment  of  probabilities  to  the  various  states. 
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and  are  consequently  classified  as  non-stochastic  decision  rules. 

They  are  as  follows} 

1.  LaPlace  Criterion  of  Insufficient  Reason 

2.  Wald  "Sure  Thing"  Principle  of  Minimax  (Maxirain) 

3.  Maxima x  Criterion 

4.  Hurwicz  Alpha-Criterion  of  Optimism/Pessimism 

5.  Savage  Miniinax  Regret  Criterion 

It  is  not  the  intention  of  this  study  to  elaborate  on  these  decision 
rules;  Informat Ion  on  any  of  them  can  be  found  in  the  literature  of 
risk  analysis. 

The  conditions  of  the  market  in  decentralized  organizations  can 
only  infrequently  be  described  as  complete  uncertainty  according  to 
Selraan's  definition.  Market  demands,  supplies,  costs,  and  prices 
usually  have  some  assumed  probability  distribution  associated  with 
them.  Consequently,  the  models  to  be  developed  in  this  section  will 
be  based  on  what  Selman  has  defined  as  risk.  In  other  words,  the 
components  of  the  market  are  assumed  to  be  stochastic  in  that  they 
come  from  known  or  presumed  known  probability  distributions. 

One  difficulty  in  constructing  models  to  deal  with  stochastic 
conditions  is  the  necessity  to  account  not  only  for  the  various  proba¬ 
bilities  involved,  but  to  incorporate  the  decision  makers  attitude 
toward  risk.  Individuals  are  frequently  classified  as  risk-indifferent, 
risk,  evasive,  or  risk  preforent.  A  person  who  is  risk  indifferent  has 
no  preference  between  playine  a  game  of  chance  or  receiving  the 
ekpeeted  value  of  the  gamo  with  certainty.  Such  an  individual  Is  some¬ 
times  referred  to  as  being  linear  in  risk.  The  risk  evader  is  one  who 
demands  that  the  expected  value  of  the  risky  alternative  exceed  that  of 
the  guaranteed  payoff  before  he  is  willing  to  accept  the  former. 

Finally,  one  who  is  a  risk  taker  is  willing  to  accept  the  risky 
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alternative  In  lieu  of  a  guaranteed  payoff  even  if  the  expected  value 
of  the  former  is  less  than  the  value  of, the  latter  (Ref  19:346). 


Obviously,  not  all  risk  evaders  will  require  the  same  probability 
of  winning  prior  to  accepting  a  game  of  chance,  ntr  will  all  risk 
takers.  Furthermore,  even  though  two  people  have  a  similar  risk' atti¬ 
tude,  they  may  select  different  alternatives  in  a  given  circumstance 
because  of  dissimilar  probability  assessments.  Figure  1  graphically 
illustrates  the  varying  attitudes  toward  risk.  Suppose,  for  example, 
that  the  certainty  equivalent  represented  by  S  is  $3  and  the  value  in 
the  game  of  chance  is  $6.  Tne  individual  who  is  linear  in  risk  has  no 
preference  between  acceptir}  the  $3  as  a  sure  thing  and  a  0,5  proba¬ 
bility  of  winning  $6  in  the  gome  of  chance.  Point  A  represents  such  an 
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attitude  toward  risk.  However,  the  risk  evader  represented  by  point  B 
requires  a  probability  of  winning  greater  than  0.5  before  he  will  fore¬ 
go  the  certainty  equivalent.  Finally,  point  C  illustrates  that  the 
risk  taker  will  accept  the  game  with  a  probability  of  winning  less 
than  0,5,  It  is  worthwhile  to  note  from  this  illustration  that  the 
person  who  is  linear  in  risk  will  order  his  alternatives  for  a  specific 
decision  in  accordance  with  expected  value.' 

A  secondary  objective  of  this  study  is  to  analyze  the  differences 
between  deterministic  and  stochastic  transfer  pricing  rules.  Of  the 
deterministic  models  available,  those  presented  in  Chapter  III  appear 
most  valid;  and  of  the  decision  rules  available  for  situations  of 
risk,  expected  value,  is  most  amenable.  Consequently,  the  stochastic 
models  to  be  presented  will  be  based  on  the  expected  value  criterion, 
and  it  will  be  assumed  that  the  decision  makers  in  question  are  risk 
indifferent. 

The  Expected  Value  Criterion 

It  is  sometimes  argued  that  maximization  of  expected  value  Is  not 
always  a  valid  decision  criterion.  This  is  fact  the  case,  but  there 
are  many  practical  business  situations  in  which  expected  monetary  value 
will  produce  desirable  results.  Furthermore,  there  are  many  situations 

v 

in  which  it  may  not  correspond  to  tho  decision  maker's  objectives,  but 
constraints  can  be  included  that  will  moke  It  more  acceptable.  Con¬ 
sider  the  following  examples  Suppose  that  the  probability  density 
function  is  known  to  be  skewed  either  to  the  left  or  right,  such  as  in 
Figure  2,  Although  the  weighted  probabilities  in  these  figures  are 
the  same  on  each  side  of  the  expected  values,  the  possible  range  of 


33 


GSA/SM/73-l 


(a)  <b) 

Fig,  2.  Skewed  Probability  Densities 

numbers  to  be  taken  by  the  random  variable  is  larger  on  one  side  than 
the  other  In  both  of  the  above  figures.  As  such,  expected  value  in 
either  of  these  two  cases  may  be  Inconsistent  with  the  behavior  pattern 
of  some  particular  entrepreneur. 

More  specifically,  suppose  that  the  probability  density  function 
for  the  sale  of  newspapers  is  similar  to  that  in  Figure  2(a).  The 
markup  for  newspapers  is  not  large  and  the  salvage  value  of  the  unsold 
quantity  is  very  small  compared  to  the  cost  of  procurement.  Conse¬ 
quently,  a  particular  vendor  may  rationally  decide  to  purchase  fewer 
than  the  expected  value  of  demand  with  the  attitude  that  it  is  better 
to  be  unable  to  satisfy  demand  than  to  have  unsold  newspapers.  A 
realistic  method  in  which  the  expected  value  does  become  a  valid  guide 
to  action  in  this  situation  is  through  the  introduction  of  a  goodwill 
cost.  If  the  vendor  is  forced  to  deal  with  the  opportunity  cost  of 
customers  who  may  never  return,  his  decisions  will  become  closer 
aligned  with  the  expected  monetary  value  criterion. 

Similarly,  a  demand  density  skewed  to  the  right  as  in  Figure  2(b) 
might  causo  an  entrepreneur  to  order  or  produce  more  than  the  expected 
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value.  In  this  case  zero  salvage  value  or  a  holding  cost  would  serve 
as  a  mechanism  to  penalize  him  for  guessing  and  bring  his  decision 
criterion  closer  to  that  of  expected  value. 

Schlaifer  has  provided  a  formal  rule  as  a  guide  for  the  reasonable 
man  to  use  in' deciding  whether  or  not  expected  monetary  value  is  an 
appropriate  decision  criterion  (Ref  23:29). 

Test  for  the  Validity  of  Expected  Monetary  Value  as  a 
Guide  to  Action:  Expected  monetary  value  should  be  used  as 
the  decision  criterion  in  any  real  decision  problem,  however 
complex,  if  the  person  responsible  for  the  decision  wo*jld  use 
it  as  his  criterion  in  choosing  between  (1)  an  act  which  is 
certain  to  result  in  receipt  or  payment  of  a  definite  amount 
of  cash  and  (2)  an  act  which  will  result  in  either  the  best 
or  the  worst  of  all  possible  consequences  of  the  real  decision 
problem. 

The  intuitive  proof  of  this  rule  is  too  lengthy  for  presentation  here, 
but  the  interested  reader  can  find  it  in  Schlaifer’s  text  (Ref"23: 
29-30,  43-44).  As  an  example  of  its  application,  however,  consider  a 
businessman  who  can  decide  that  expected  value  is  commensurate  with 
his  wishes  in  a  situation  whore  the  worst  possible  loss  and  best 
possible  profit  are  given  by  $W  ana  $B  respectively.  According  to 
Schiaifer's  rule,  then,  expected  value  Is  a  valid  decision  criterion 
for  all  alternatives  whose  outcomes  fail  between  these  two  reference 
points.  Furthermore,  a  person  who  values  alternatives  at  their 
expected  monetary  value  can  always  find  9.  utility  scale  such  that  the 
utility  of  every  consequence  between  these  reference  points  Is  numeri¬ 
cally  equal  to  the  monetary  value  of  that  act.  In  other  words  the 

1, 

expected  utility  of  any  act  involving  consequences  within  this  range 
is  numerically  equal  to  the  expected  monetary  value  of  the  act  (Ref 
26 :44) . 
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The  value  of  this  decision  rule  lies  in  its  application  to  dele¬ 
gation  of  authority.  A  compelling  motivation  in  the  development  of 
optimal  transfer  pricing  rules  Is  to  enable  a  second  party  to  determine 
the  choice  preferred  by  another.  If  it, were  possible  for  subordinates 
to  act  it^  a  manner  commensurate  with  top  managements*  objectives*  then 
delegation  cf  authority  would  become  more  desirable.  Schlalfer’s  rule 
for  use  of  expected  value  purports  to  accomplish  this  end.  First,  the 

person  who  is  ultimately  responsible  for  a  certain  class  of  decisions 

► 

does  not  have  to  specifically  consider  each  action,  but  rather  provides 
reference  points  for  a  range  over  which  a  specific  decision  rule  is  to 
be  considered  valid.  To  facilitate  this,  there  are  many  business 
situations  in  which  it  is  possible  for  the  responsible  person  to  dele¬ 
gate  his  evaluations  of  probabilities  associated  with  various  events 
by  designating  consideration  of  certain  past  actions  in  conjunction 
with  oine  or  more  of  the  many  statistical  techniques  available. 

Secondly,  a  top  manager  who  has  delegated  decisions  that  are  to  him 
somewhat  routine  becomes  free  to  'concentrate  on  those  problems  in  which 
expected  losses  or  gains  are  too  great  for  him  to  justify  the  expected 
value  criterion.  In  the  transfer  pricing  situation,  the  upper  and 
lower  bounds  on  the  expected  value  criterion  can  occur  through  the 
application  of  specific  decision  constraints. 

The  Basic  Model 

Throughout  this  section  derivations  will  concentrate  only  on  the 
first  order  conditions  for  optimization;  second  order  conditions  are 
assumed  satisfied.  Initially,  market  demand  is  assumed  to  be  a  random 
variable  from  some  known  or  presumed  known  probability  distribution. 
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Other  market  parameters  are  assumed  deterministic.  Items  are  produced 
for  a  single  period  at  specific  costs,  but  prior  to  the  beginning  of  a 
planning  period  the  entrepreneur  must  make  an  irrevocable  decision; 
regarding  his  output  quantity  without  curtain  knowledge  of  what  value 
the  random  variable  demand  will  take.  To  say  that  the  output  decision 
is  irrevocable  implies  that  for  the  given  production  period  the  firm 
must  commit  itself  to  order  certain  input  quantities. 

Assume  initially  that  any  revenue  potential  from  production  in 
excess  of  demand"  and  output  insufficient  to  meet  demand  is  lost.  In 
other  words  it  is  not  possible  to  backlog  sales  and  excess  production 
cannot  be  stored  because  the  commodity  is  perishable.  The  last  deter¬ 
ministic  model  presented  in  Chapter  III  which  was  based  upon  a  firm 
with  two  divisions  and  an  external  intermediate  market  is  tha  basis 
for  the  stochastic  extension  that  follows. 

The  market  demand  for  the  intermediate  product  is  represented  by 
the  random  variable  \l  which  is  always  greater  than  zero  and  has  some 
known  demand  distribution  represented  by  e(|i).  Division  1  must  make  a 
decision  as  to  the  quantity  of  Uj  it  will  produce  to  satisfy  this 
uncertain  demand.  Once  that  commitment  has  been  made  costs  are  known 
and  It  Is  possible  to  represent  the  form  the  division's  profit  will 
take.  Revenue  from  sales  of  uj  on  the  external  market  will  be  given 
by 

{m|i  for  4  <  Uj* 

i  . 

mujL  for  fi  >  uj 

The  first  segment  represents  the  total  revenue  received  from  the  sale 
of  uj  when  no  more  units  are  demanded  at  the  market  price  ra  than  have 
been  produced.  Tne  second  segment  represents  the  total  revenue  whon 
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; 


at  least  as  many  units  are  demanded  as  have  been  produced.  Revenue 

from  the  sale  of  U2  to  Division  2  will  be  fixeo  at  ru«2  once  the  trans¬ 

fer  price  of  ru  is  established.  The  quantity  of  u2  sold  will  be  de¬ 
termined  as  soon  as  Division  2  commits  itself  to  a  quantity  of  q  £s  in 
the  last  deterministic  model.  Cost  of  production  for  Division  l  Is 

given  by  Cj(u^  <>  U2).  Their  profit  is  then  given  by 


Hi- 


"m(i  for  (i  <  u1'| 

>  *  ruu2  *  ci<ul  ♦ 

ouj  for  ji  >  Uj 


and  the  expected  profit  is 


et» 

ftlx  "  /  m{is<{i)(4i  ♦  /  mujs({i)d(i  ♦  ruu2  -  Cx(ut  ♦  u2) 

o  ui 


OO 


00 


/  n*is((i)d{i  •  S  mty.  -  Ujjs^ijdfi  ♦  ruu2  -  Cx(ux+u2> 
0  U1 


Bill  -  mEH  -  /  m((i  -  ujJs^iJdfi  ♦  ruu2  »  Cx(ux+  u2).  (1) 

ux  ' 

00 

This  last  manipulation  involved  the  facts  that  E^,  -  /  (is([i)c4i.  and 

Ux  00  00  0 

/  ims(|ji)dji  •  /  njjistyOdn  -  /  trjis(ji)dn  .  The  quantity  repre- 
o  O  Uj 

sents  the  expected  value  of  demand  for  the  product  iij.  The  term  under 


the  integral  can  bo  regarded  as  the  expected  revenue  foregone  due  to 
shortage. 

Market  demand  for  the  final  product  is  represented  by  the  random 
variable  €  which  is  always  greater  than  zero  and  has  some  known  proba¬ 
bility  distribution  given  by  w(€).  The  same  circumstances  of  prior 
commitment  exist  for  Division  2  as  did  for  Division  1.  Division  2*s 
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known  costs  arc  given  by  ruU2  aH  C2(q)  where  the  second  terra  accounts 
for  the  production  cost  of  all  inputs  other  than  u2.  Profit  for  the 
division  is 


p6  for  €  <  q 
pq  for  £  >  q 


c2(<l)  -  ruu2 


and  expected  profit  is  represented  by  the  relation 


Effj  «  PE€  -  /  P(6  -  q)w(£)d€  -  C2(q)  -  ruU2 

q 


which  has  been  derived  in  the  same  way  as  equation  (I).  For  the  firm 
as  a  whole  profit  is  represented  by 


fra  fi  for  4  <  ur 

n  -  ♦ 

I  muj  for  4  > 


p€  for  6  <  q 
pq  for  €  >  q 


-Cj(uj+  u2)-C2(q) 


and  expected  profit  by 


.U1  .* 


Eft  "  /  /  (m  p.  ♦  p  €)s  (4)  w  (6)  dC  d  4 


o  o 


u 

+  /  /  (ra  4  ♦  pq)  s  (ji)  w  (€}  d6  d  4 

o  q 


♦  /  /  (rauj  «f  p€)  s  (4)  w  (O  d6  d  4 
o 


*  I  i  (rauj  ♦  pq)  s<4>  w(€)  d£  d  4 
Uj  q 


-  Cj(uj  +  U2)  -  C2(q). 
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By  assuming  the  demands  and  demand  distributions  for  the  intermediate 
and  final  products  are  independent,  the  above  equation  can  be  simplified 


iJl-mE(i  +  pE|itpE6-  /  raCfi  -  u^s^dji  -  /  p(€-q)w(0d€ 

ui  q 


*  Cj,(uj  +  u2^  **  ^(q) 


If  the  managers  of  the  firm  and  its  divisions  have  linear  risk  prefer* 

ences  In  terms  of  profit  and  their  sole  goal  is  profit  maximization, 

*  > 

then  maximization  of  equations  (1),  (2),  and  (3)  becomes  the  objective* 
The  decision  variables  for  the  firm.  Division  1,  and  Division  2  are 
Uji  and  q,  u^,  and  q  respectively.  Assuming  further  that  external 
market  prices  are  constant  for  any  output  levels  set  by  the  firm  or  all 
firms,  the  first  order  conditions  for  profit  maximization  can  be  found 

by  taking  partial  derivatives  with  respect  to  the  decision  variables 

•> 

and  equating  the  results  to  zero.  This  gives 


Division  1: 


/  ms  (|i)d  4  -  - m  0 

t»l  3  U1 


Division  2: 


*°  aC2<q)  oruU2  3u2 

/  pv  (Od  6  -  .  r-*  *  0 

~  0  q  dU2  dq 


Firm: 


,®°  »  dC.Cu,  ♦  u,»> 

/  ms(u)d  u  -  * — - — - ^  *  0 

ut 
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where  k  represents  the  constant  of  integration.  Therefore,  the  optimal 
transfer  price  in  tnis  case  is  the  same  as  it  is  in  the  deterministic 
situation. 


Holding  Cost 

Thus  far  the  model  has  dealt  only  with  perishable  products  and 
those  that  must  be  sold  in  the  same  period  they  are  manufactured. 

There  are,  however,  many  commodities  in  which  it  is  possible  to  save 
or  store  unsold  output  for  sale  at  a  later  time.  When  this  occurs,  it 
is  not  accomplished  without  expense,  and  the  outlay  involved  Is  usually 
referred  to  as  a  holding  or  inventory  cost. 

There  are  different  methods  available  for  calculating  holding 
costs.  One  can  either  assume  that  all  sales  occur  at  the  beginning  of 

the  period  and  the  excess  is  stored,  or  that  sales  occur  continuously 

\  • 

throughout  the  period  and  that  some  average  inventory  is  stored.  The 
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Mathematical  formulation  of  the  former  is  quite  lengthy,  while  that  of 
the  latter  is  direct  and  relatively  sicple. 

For  this  model,  assume  that  it  is  not  possible  to  utilize  one 
division’s  unsold  output  to  satisfy  unexpected  demand  for  the  other. 

In  other  words,  the  intermediate  product  is  not  acceptable  in 
Division  2’s  market,  nor  can  it  be  extracted  from  the  final  product  to 
satisfy  Division  I's  demands.  In  addition  to  being  realistic,  this 
simplifies  the  following  calculations  considerably.  With  this  assump* 
tion,  expected  holding  costs  for  each  of  the  divisions  is  &iven  by 

U1 

EH(uj)  «  /  hu(u,  -  (i)  sQi)  djj.  (10) 

o 

q 

EH(q)  »  /  hq(q  -  €)  w(€)  d6  (1?.) 

o 

and  the  expected  holding  cost  for  the  firm  is  their  sum. 

To  include  holding  costs  in  .the  basic  model  it  is  necessary  to 
subtract  the  cost  giVen  by  equation  (10)  from  equation  (1),  equation 
(11)  from  equation  (2),  and  equations  (10)  and  (11)  from  equation  (3). 
If  the  partial  derivatives  with  respect  to  the  appropriate  decision 
variables  of  these  newly  formed  equations  are  set  identically  to  zero, 
the  condition  for  simultaneous  optimization  is  again  found  to  bo  given 
by  equation  (8). 

If  the  conditions  of  cases  2  and  3  hold  and  it  is  assumed  that 
there  is  some  substitutability  of  the  excess  product  for  the  one  in 
,  which  a  shortage  exists,  the  mathematical  formulations  of  the  model 
become  quite  lengthy.  It  is  likely  that  the  transfer  price  in  such  a 
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situation  will  contain  the  random  variables  of  demand,  their  distri¬ 
butions,  or  both. 

Lack  of  an  Intermediate  Market 

The  Enzer  deterministic  transfer  pricing  model  discussed  both 
cases  in  which  the  intermediate  product  had  and  did  not  have  an  ex¬ 
ternal  market.  So  far  the  stochastic  model  has  considered  only  the 
case  in  which  there  is  an  Intermediate  market.  If  that  market  is  as¬ 
sumed  nonexistent  all  terms  in  equations  (1),  (2),  and  (3)  containing 
a  factor  of  m  will  vanish  and  all  references  to  will  drop  out.  As 
Division  1  is  only  producing  U2'for  sale  to  Division  2,  it  can  be 
shown  that  equation  (8)  will  reduce  to 

*<ruu2>  „  aci<u2>  (8f) 

d  U2  d  t’2 

Hence,  the  optimal  transfer  price  remains  some  sort  of  an  average  cost, 
which  is  the  same  result  obtained  in  the  deterministic  case. 

Imperfect  Market  Competition 

The  formulation  of  the  model  thus  far  has  been  under  the  implicit 
assumption  that  market  pricas  for  the  product  were  not  within  the  con¬ 
trol  of  the  firm.  If  that  assumption  is  altered  to  an  imperfectly 
competitive  market  where  ra  -  m(uj)  and  p  »  p(q),  there  will  be  changes 
In  the  form  of  equations  (A),  (5),  <6),  and  (7)  due  to  the  fact  that 
dra(u^)/du|  and  dp(q)/dq  ai'e  not  necessarily  m  and  p  respectively. 

The  changes  that  occur  in  (A)  and  <5)  \  111  alfao  occur  in  (6)  and  (7) 
resulting  in  equation  (8)  still  representing  the  necessary  requirement 
for  simultaneously  maximizing  conditions.  The  optimal  transfer  price 
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will  therefore  remain  an  average  cost  in  the  imperfectly  competitive 
market  situation. 

Monopolistic  Market 

If  the  firm  Is  a  monopolist  the  basic  model  is  altered  to  the 
extent  that  the  decision  variables  become  production  quantities  and 
market  prices.  Mills  (Ref  20:116-130)  and  Zabel  (Ref  27:205-218)  have 
both  examined  monopolistic  markets  under  conditions  of  uncertainty  but 
with  different  assumptions  about  the  form  of  the  uncertainty. 

Additive  Stochastic  Term.  Mills  assumed  that  the  external  market 
demand  is  a  function  of  the  respective  market  price  and  sane  additive 
random  term.  The  random  variable  is  assumed  to  be  independent  of  the 
price  associated  with  its  commodity,  to  have  a  zero  expectation,  and 
to  have  a  known  distribution.  In  the  case  of  the  basic  model,  for 
example,  the  random  variables  might  be  x  and  y  and  their  associated 
distributions  might  be  f(x)  and  f(y).  Then 

|i  ■  d(m,y)’  -  d(m)  ♦  y  '  - 
€  -  d(p,x)  ■  d(p)  ♦  x 

where  d(*)  represents  the  deterministic  demand  as  a  function  of  price. 
The  effect  of  this  type  of  random  variable  will  be  to  cause  shifts  in 
the  demand  function  parallel  to  itself  in  the  quantity  direction 
(Ref  20:118). 

If  the  additive  assumption  for  the  stochastic  demand  Is  used,  it 
becomes  necessary  to  perform  a  change  of  variable  with  respect  to  the 
integration  argument.  Aftor  such  an  operation  is  performed. 
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equation  (l),  for  example,  becomes 

OO  00 

E  JIx  "  n»a(tt)  +  ra  /  yh(y)dy  -  nKuj  -  d(m))  /  h(y)dy 
uj-d<Tn)  upd(m) 

».  ♦  rv>«2  "  ci<ui  +  u2^  <10 

Similar  results  can  be  derived  for  Division  2  and  the  fim.  If  partial 

derivatives  of  these  equations  arc  takt-w  with  respect  to  m  and  uj  for* 

Division  t,  p  and  q  for  Division  2,  and  m,  uj,  p,  and  q  for  the  firm, 

the  necessary  condition  for  simultaneous  optimization  is  again  found 

to  be  given  by  equation  (8).  Thus,  under  the  additive  random  variable 

» 

assumption  the  optimal  transfer  price  is  still  some  form  of  an  average 
cost.- 

Note  that  the  introduction  of  uncertainty  as  an  additive  random 
variable  In  the  basic  model  produces  the  same  optimal  transfer  price 
that  was  found  in  the  deterministic  model.  This  should  not  be  inter¬ 
preted  as  implying  that  all  optimizing  conditions  will  be  the  same  for 
the  stochastic  and  deterministic  models.  The  objective  of  the  Mills 
model  was  to  determine  optimal  market  prices  and  quantities,  and  he 
found  that  price  and  output  should  be  such  that  riskless  marginal 
revenue  is  somewhat  less  than,  or  at  most  equal  to,  marginal  cost 
(Ref  19j381),  The  same  results  can  be  derived  from  the -present  model 
by  solving  for  the  external  market  prices  and  production  quantities. 
This  differs  from  the  typical  deterministic  result  of  equating  marginal 
revenue  to  marginal  cost. 
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Multiplicative  Stochastic  Factor.  Zabel’s  model  assumed  that 

> 

demand  is  a  multiplicative  function  of  some  random  variable  such  that 

|l  ■  zd(tn).  The  random  variable  in  this  case  is  denoted  by  z  which  is 

/ 

always  non-negative.  The  expected  value  of  z  is  equal  to  one  and  it 
has  a  known  density  function  g(z).  As  in  the  M1113  model,  the  factor 
d(m)  represents  the  deterministic  or  expected  value  of  demand. 
Deterministic  demand  is  a  function  of  m  and  it  is  required  that  n  •  0 
whenever  d(m)  -  0.  Zabel  claims  that  this  form  of  monopolistic  un¬ 
certainty  is  more  realistic  than  the  additive  function  used  by  Mills 
oecausc  demand  under  the  multiplicative  form  can  never  be  negative 
(Ref  27:207). 

Using  the  multiplicative  random  variable  in  the  basic  model  again 
requires  a  change  of  variable.  If  this  it  accomplished,  equation  (1) 
becomes 

00  OO 

E  fi.  «■  md(m)  +  /  mu^gCaOdz  -  /  mzd(m)g(z)dz 
u1/d(m)  ,Uj/d(m) 

+  ruu2  -  Cl(ul  ♦  u2)  (1”) 


Once  again  similar  equations  can  be  derived  for  Division  2  and  the 
firm,  but  the  final  requirement  for  simultaneous  optimization  remains 
equation  (8). 

Stochastic  Costs 

All  model  formulations  thus  far  have  dealt  with  variations  of 
stochastic  demand.  That  assumption  will  now  be  dropped,  demands  will 
be  considered  deterministic,  and  elements  of  stochastic  cost  will  be 


examined 
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Final  Product  Costs.  For  the  first  variation  assume  that  only 
costs  of  inputs  to  q  other  than  u  are  stochastic  in  nature.  These 
costs  were  designated  as  C2<q)  in  the  deterministic  model,  but  will  be 
designated  as  K2  in  the  stochastic  cost  model.  If  K2  is  a  random 
variable  with  :nown  distribution  of  f <^2^ *  then  fche  ®xPected  cost  of 

00 

inputs  to  q  other  than  u  is  EK2  «  /  k2f(k2)dk2»  The  expected  profit 

o 

equations  then  become 


E  Hi  -  muj  ♦  ruu2  -  (^(uj  ♦  u2) 


E  fl2  -  pq  -  ruu2  -  EK2 
E  II  •  auj  ♦  pq  •  Cj^Cu^  +  u2)  -  EK2 


If  the  partial  derivatives  of  these  equations  with  respect  to  the 
appropriate  decision  variables  are  examined,  the  results  show  that  for 
simultaneous  optimality  equation  (8)  from  the  stochastic  demand  model 
must  hold.  In  this  case  the  optimal  transfer  price  remains  an  average 
cost.  Note  that  if  the  additive  or  multiplicative  randan  variable 
form  of  uncertainty  replaces  K2  in  the  above  equations,  the  results 
for  the  optimal  transfer  price  do  not  change. 

Intermediate  Product  Costs.  Assume  now  that  the  cost  of  producing 
the  intermediate  product  is  a  random  variable  denoted  as  Kj  which  has 
some  known  probability  distribution  given  by  f(kj).  Again  the  expected 

to 

cost  of  the  intermediate  product  is  given  by  EKj  «  /  kjf(k)dkj.  This 

o 

value  can  be  substituted  into  the  expected  profit  equations  and  partial 
differentiation  with  respect  to  the  various  decision  variables  will 
give  the  first  order  conditions  for  optimality.  These  are 
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“  0. 


If  this  equation  is  integrated  and  then  divided  by  U2*  the  optimal 
transfer  price  becomes  some  type  of  an  average  expected  cost.. 

The  form  of  this  last  value  for  transfer  price  can  be  simplified 
considerably  through  the  use  of  the  additive  and  multiplicative  random 
variable  assumptions.  Suppose,  for  example,  that  the  stochastic  cost 
Kj,  is  a  function  of  the  quantity  of  u  produced  and  some  independent 
random  variable  denoted  by  y  such  that  Kj  »  Cj(u,y).  Independency 
permits  this  to  be  written  as  Kj  •  Cj(u)  +  y  where  the  first  teim  is 
the  deterministic  cost.  Assuming  further  that  the  expected  value  of 
y  is  zero  and  it  is  distributed  as  k(y),  a  change  of  variable  permits 
the  equation  for  Division  1  to  be  rewritten  as 
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00 

E  III  “  muj  +  ruu2  -  /  [Cj(u)  +  y]  h  (y)  dy 
■  “  o 

V 

»  muj  ♦  rui>2  -  Cj(u). 

Performing  analogous  operations  on  the  cost  of  u  for  the  firm  results 
in  the  previously  determined  first  order  optimality  condition  again 
being  equation  (8).  Hence,  in  this  case  the  optimal  transfer  price 
is  still  some  form  of  an  average  cost  as  given  by  (9)* 

Suppose  now  that  the  stochastic  cost  is  a  function  of  some 
multiplicative  random  variable  such  that  Kj  »  zCj(u)  where  Cj(u)  is 
again  the  deterministic  cost  of  u  and  z  is  a  random  variable  with  an 
expectation  of  one,  always  non-negative,  and  distributed  as  g(z).  If 
the  required  change  of  variable  is  again  performed,  the  expected  profit 
for  the  first  division  will  be  given  by 

00 

E  fix  "  J»Uj  4-  ruu2  -  /  zCj(u)  g  (z)  dz 

o 

■  mu2  +  r^  -  Cj(u) 

Similar  operations  can  be  performed  on  the  equation  of  the  firm  and 
the  first  order  conditions  derived  via  the  partial  derivatives.  Cnee 
again  simultaneous  optimality  requires  that  equation  (8)  be  satisfied 
and  the  optimal  transfer  price  remains  an  average  cost  as  In  (9). 

Another  possible  variation  of  stochastic  costs  might  occur  in 
the  form  of  a  budget  constraint.  Suppose  for  example  that  the  costs 
previously  denoted  by  Cj(uj  ♦  u2)  and  C2<q)  aro  deterministic.  Tho 
firm  has  at  Its  disposal  some  fixed  amount  of  monetary  resources 
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denoted  by  C  which  is  assumed  to  be  an  insufficient  amount  of  cash  to 
finance  the  optimal  production  level.  The  firm  has  the  option  >f 
borrowing  additional  funds  but  cannot  be  certain  what  quantities  will 
be  available  duo  to  demands  for  financing  and  prevailing  interest 
rates.  If,  however,  the  amount  of  cash  obtainable  is  denoted  by  K 
which  has  a  known  probability  distribution  denoted  by  f(k),  then  the 
firm's  expected  constraint*  is 

CO 

Cl^ul  *  u2^  *  c2^  £  c  ♦  /  kf(k)dk 

o 

This  results  in  expected  profit  equations  of  the  form 

E  III  -  nuj  4-  rut«2  -  Cjfaj  <f  v^) 

Sfi2  «  pq  -  C2(q)  -  ruu2 


E  II  »  mui  +  pq  •  Ci<Ui  ♦  u2)  -  (^(q) 

CO 

-  Xf]Ci<Ui+  u2)  *  C2(q)  -  C  -  /  kf(k)dk] 

o 


where  A  is  a  Lagrangian  multiplier.  The  resulting  first  order  condi¬ 
tions  are 


Division  1: 


Omuj  dCj_(ui  -f  u2) 
3  Uj  d  uj 


dpq  dC2(q)  druu2 
d  q  d  q  d  q 


Division  2 t 


To  produce  simultaneous  optimality  in  this  case  it  is  necessary  for 
Cj  and  C2  for  Divisions  1  and  2  to  be  adjusted  to  [l  +  XjCj  and 
£l  +  \[]C2.  with  this  variation  of  stochastic  costs,  the  optimal 
transfer  price  is  found  to  be 


(1  +  X)  / 


dCj(ui  ♦  U2) 


where  c  is  the  constant  of  integration.  Hence,  the  optimal  transfer 
price  is  an  average  cost  adjusted  by  (1  +  X). 
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V.  Application  of  the  Model  to  POD 
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An  Application 

The  basic  model  and  its  variations  presented  thus  far  have  been 
based  on  a  firm  in  the  private  sector  in  order  to  facilitate  the 
derivation  of  theoretical  implications.  It  is  instructive  to  examine 
now  how  that  model  might  apply  to  the  defense  establishment,  and  in 
particular  to  the  situation  that  occurred  at  AEDC. 

The  basic  model  utilized  a  firm  with  two  divisions.  For  the 
military  model,  Division  1  will  be  supplanted  by  AEDC,  Division  2  by 
a  System  Program  Office  (SPO),  and  the  firm  by  Air  Force  Systems 
Command  (AFSC).  The  outputs  of  these  new  divisions  are  a  T&E  capa- 
bility  transferred  to  the  SPO  as  a  service  and  a  weapon  system  trans¬ 
ferred  through  AFSC  to  the  major  air  commands.  In  addition,  the  final 

k 

product  can  possibly  be  marketed  to  other  services  and  foreign  coun¬ 
tries.  The  "firm,1'  AFSC,  is  ultimately  responsible  for  both  of  its 
"divis ions'*  and  their  outputs. 

For  Air  Force  purposes  AEDC  is  not  a  profit  motivated  organiza¬ 
tion.  The  commander  of  AEDC  or  any  other  T&E  facility  is  motivated 
to  stay  within  his  budget,  to  meet  users’  schedules  and  obtain  the 
required  data,  and  to  maintain  *nd  improve  a  viable  test  support  capa¬ 
bility  for  his  continually  changing  list  of  users.  >In  a  similar 
manner,  the  SPO  commander  lacks  profit  orientation,  but  he  does  have 
a  concern  with  getting  the  test  support  where,  when,  and  how  he  needs 
It,  His  motivations  are  to  stay  within  the  budget  and  to  meet  system 
design  and  performance  criteria  (Ref  9*21-22).  AFSC  shares  these  and 
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other  basic  motivations.  Consequently,  it  is  reasonable  to  assume  that 
a  simplified  objective  for  all  three  organisations  might  well  be  per¬ 
formance  constrained  cost  minimization.  The  basic  model  must  now  be 
examined  for  application  to  this  situation. 

Equations  (1),  (2),  and  (3)  of  the  model  presented  can  be  written 
in  general  form  as 

E(Profit)  ■  Market  Price  x  E(Demand)  -  E(Cost) 

If  the  decision  variables  for  each  division  are  their  respective 
quantities  of  output,  then  maximization  of  expected  profit  and  minimi¬ 
zation  of  expected  cost  produce  identical  results.  Because  of  this, 
the  model  can  be  altered  to  reflect  the  DO D  environment. 

With  the  objective  of  performance  constrained  cost  minimization, 
it  Is  first  necessary  that  performance  criteria  be  explicitly  spelled 
out.  Subsequent  divisional  and  managerial  evaluations  must  reflect 
achievements  vis-a-vis  performance  goals.  The  other  facet  of  the 
objective,  cost  minimization,  can  be  formulated  by  elimination  of  the 
revenue  terms  from  equations  (l),‘  (2),  and  (3).  The  resulting  cost 
equations  contain  the  integration  terms  that  were  referred  to  as  expected 
revenue  foregone  in  the  basic  model.  In  the  case  of  the  cost  minimi¬ 
zation  model  they  are  more  appropriately  regarded  as  the  expected  cost 
of  supplying  output  at  a  later  time  if  a  shortage  does  occur.  For 
brevity,  both  will  be  referred  to  as  opportunity  costs. 

Opportunity  costs  in  the  basic  model  were  regarded  as  Identical 
for  the  firm  and  its  divisions.  For  AFSC  and  AEDC  this  may  not  be  the 
case.  It  is  reasonable  to  consider  that  failure  to  satisfy  demand 
might  cause  consternation  among  the  management  at  AEDC  which  does  not 
necessarily  correspond  to  the  attitudes  at  AFSC.  Personnel  at  AEDC 
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have  their  job  security  and  professional  status  to  protect,  both  of 
which  can  be  lost  by  failure  to  meet  demand.  But  AFSC  can  conceivably 
achieve  similar  test  results  by  using  another  facility,  either  public 
or  private.  Consequently,  the  opportunity  costs  for  failure  to  satisfy 
the  intermediate  market  demand  will  be  assumed  dissimilar  with  mj  and 
«p  representing  that  cost  for  AEDC  and  AFSC  respectively.  As  AFSC 
typically  assigns  a  specific  task  to  a  single  SPO,  the  opportunity 
cost  for  the  final  product  will  be  considered  identical  for  both  the 
SPO  and  AFSC. 

The  T&E  Funding  Policy  Study  headed  by  Berquist  stated  that  many  ; 
management  and  resource  constraints  acted  to  preclude  optimum  testing. 
Some  of  those  listed  were^lack  of  funds,  multiple  management  echelons, 
civilian  personnel  ceilings,  competing  requirements,  and  the  inherent 
nature  of  testing  (Ref  9j35),  A  possible  approach  for  AFSC  might  be 
insertion  of  some  of  these  constraints  into  the  model  followed  by  the 
use  of  simulations  to  explore  the  directions  transfer  pricing  should 
theoretically  take. 

For  example,  consider  such  constraints  as  lack  of  funds,  multiple 
management  echelons,  and  the  inherent  nature  of  testing.  Lack  of 
funds  is  almost  always  a  real  life  constraint  as  DQD  budgets  are 
limited.  The  reference  to  multiple  management  echelons  is  another 
way  of  saying  that  programs  and  resources  flow  through  several  command 
echelons  each  of  which  ’may  impose  regulations  and  limitations  on  their 
use.  An  example  of  this  type  of  constraint  would  be  insistence  by 

higher  authorities  that  a  specific  testing  capability  should  not  be 

\ 

permitted  to  fall  below  a  certain  level.  The  last  of  these,  the 
inherent  nature  of  testing,  refers  to  the  fact  that  the  amount  of 
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testing  required  to  produce  a  final  product  is  not  generally  known 
in  advance. 

Recall  that  an  explicit  assumption  of  the  basic  stochastic  /jnd 
deterministic  models  was  that  the  production  function  relationship 
between  the  intermediate  and  final  products  was  known.  At  first 
glance,  the  inherent  nature  of  the  testing  constraint  appears  to  have 
significant  impact  on  that  assumption.  However,  the  production  func¬ 
tion  will  appear  in  exactly  the  same  form,  whatever  that  may  be,  in 
the  equations  of  both  the  SPO  and  AFSC.  Consequently,  this  difference 
may  alter  the  formulation  of  the  model,  but  the  calculus  of  the  two 
equations  will  be  identical  with  respect  to  those  terms.  Consider  now 
applications  of  the  budget  and  minimum  output  constraints  to  the  re¬ 
vised  model. 

Suppose  that  a  specific  testing  facility  in  question  is  a  high 
altitude  hypersonic  gas  dynamic  wind  tunnel  located  at  AEDC.  Demand 
for  the  facility  for  a  forthcoming  period ^might  come  only  from  a  single 
SPO  charged  with  the  development  of  high  speed  reentry  vehicles. 

Hence,  the  intermediate  product,  “high  speed  tunnel  test  capability, 
might  not  currently  have  an  external  market  and  could  be  designated 
as  u.  The  final  product,  q,  could  be  a  reentry  vehicle  with  certain 
performance  characteristics  and  an  indeterminate  demand.  Costs  of 
the  two  products  are  reasonably  well  fixed  once  quantities  are  es¬ 
tablished  due  to  the  fact  that  personnel  are  salaried  and  materials 
are  contracted.  These  may  be  represented  by  C(u)  and  C(q),  If  the 
funds  appropriated  for  those  activities  are  less  than  an  optimal 
amount,  say  C,  then  the  budget  constraint  can  be  written  as 
C<u)  ♦  C(q)  <  C,  The  fact  that  AFSC  does  not  want  the  output  of  u  to 
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be  loss  that,  a  certain  amount,  say  u°»  can  bo  expressed  as  u  <  u°, 

2  2 

This  last  tern,  can  be.  rewritten  as  u  «  u°  4  s4  where  s  is  a  slack 
variable  Introduced  to  ensure  that  u  cannot  be  less  than  u°. 

If  these  constraints  and  the  other  differences  cited  are  intro¬ 
duced,  the  equations  for  AEDC,  the  SPO,  and  AFSC  become 


ECj^  m  /  mj((i  -  u)  s(|i)  dft  4  C(u) 
u 


ECj  -  /  p(€  -  q)  w(€)  d€  4  C(q)  4  ruu 

q 

00  to 

ECF  -  /  mF((i  -  u)  s(fi)  d|i  4  /  p(6  -  q)  w(€)  d€  4  C(u) 
U  q 

4  C(q)  4  \[u  -  u°  -  s2]  4  e[C(u)  4  C(q)  -  c]. 


Taking  the  partial  derivatives  with  respect  to  the  respective  output 
quantity  decision  variables  results  in 


I 


dECi  *° 

/  sfyi)  d{jt  4  C*(u)  «  0 


-  -P  /  w(€)  d€  4  C*(q)  4  ~~  -  0 

°  q  q  o  q 


I 


~~  »  -mp  /  s([i)  dji  4  C*(u)  [l  4  9]  4  A  -  0 


"  -P  /  »CO  d€  4  C*  (q)  [1  4  0]  4  [140]  4  ~  -  0. 

d  q  q  d  q  w  J  dq 
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In  order  to  have  conditions  of  optimality,  the  opportunity  cost  of 
AEDC  given  by  mj  times  the  integral  must  be  adjusted  by  the  factor 
mp/mj,  and  the  costs  C(u)  and  C(q)  incurred  by  AEDC  and  the  SPO  must 
both  be  altered  by  the  factor  £l  Fiscally,  to  get  at  the  optimal 

transfer  price  the  following  relationship  oust  hold 

druu  du  SC(u)  3u  r  n  ’  Su 

-JL.  •  - [1  ♦  GJ  ♦  A  r~ 

d  U  dq  d  u  dq  u  J  oq 

which  results  in 

(1  4  8)  C(u)  +  /Adu  +  c 
ru-  u 

where  c  is  the  integration  constant.  The  optimal  transfer  price  is 
again  some  sort  of  an  average  cost.  In  order  to  get  at  the  specific 
nature  of  that  cost,  definite  values  and  equations  would  have  to  be 
substituted  and  perhaps  iterated  to  determine  a  k  that  coincided  with 
the  multiple  objectives  of  AFSC. 

Other  variations  with  different  constraints  should  be  possible 
and  could  serve  as  an  aid  to  determining  transfer  prices  under  a 

variety  of  situations.  This  should  not  be  attempted,  however,  until 

\  -  * 

some  difficulties  inherent  in  the, application  of  this  model  to  the 
public  sector  are  examined. 

Problem  Areas 

A  discussion  on  decentralization  in  DCD  is  beyond  the  scope  of 
this  study,  but  some  observations  on  decentralization  in  the  T&E 
community  end  its  users  should  be  made.  It  seems,  for  example,  that 
motivating  managerial  activity  with  a  performance  constrained  cost 
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minimization  objective  criterion  could  create  severe  problems. 

Weapons  system  development  lead  times  frequently  exceed  normal  mill* 
tary  duty  tours,  and  it  is  not  infrequent  that  performance  evaluations 
are  completed  only  after  introduction  into  the  operational  inventory. 
Hence,  the  manager  is  motivated  by  two  performance  criteria  that  do  not 
always  occur  in  the  same  time  frame.  Cost  information  will  be  readily 
available  during  and  at  the  end  of  each  cost  accounting  period,  while 
performance  information  may  not  be  known  until  after  the  manager  has 
been  reassigned.  Under  these  conditions  it  is  reasonable  to  assume 
that  some  managers  will  be  highly  motivated  by  the  short  terra  consider¬ 
ations  of  their  achievement  evaluations  at  the  expense  of  long  range 
system  performance. 

To  offset  this  counter  productive  motivation  there  must  be  some 
form  of  effective  monitoring  of  end-service  achievements.  The  method 
of  achieving  this  goal  without  encumbering  the  participants  with  de¬ 
tailed  operating  rules  designed  to  ensure  performance  could  be  a  monu¬ 
mental  task  in  itself  (Ref  10:486). 

Another  iraportant  consideration  is  the  amount  of  choice  open  to 
the  various  divisions  in  purchasing  inputs  and  services.  Detailed 
regulations  from  above  specifying  exactly  how  things  are  to  be  done, 
are  incompatible  with  lower-level  discovery  and  the  adoption  of 
efficient  ways  to  combine  resources  in  operations  (Ref  10:485). 
Furthermore,  the  very  nature  of  T&E  facilities  dictates  that  the 
amount  of  choice  available  will  vary  from  one  test  situation  to 
another.  In  some  instances  activities  will  have  complementary  facili¬ 
ties  and  limited  regions  of  overlapping  capabilities.  In  other,  more 
commonly  tested  areas  alternatives  may  exist  on  an  Interservice, 
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intraservice,  or  corporate  basis  but  it  may  not  be  permissible  to 
choose  one  of  them. 

Still  another  problem  exists  as  a  result  of  the  nature  of  the 
test  facility.  Usually  they  are  characterized  by  large  investments, 
limited  usage,  and  high  fixed  operating  expenses.  The  human  and 
physical  resources  repaired  take  a  fairly  long  time  to  develop  and 
usually  cannot  be  acquired  or  implemented  on  short  notice.  Conse- 
quently,  it  is  very  difficult  to  make  short  term  capability  adjust¬ 
ments  that  correspond  to  short  term  demand  variations. 

Finally,  the  Berquist  study  noted  that  there  were  a  myriad  of 
funding  policies  in  use  at  the  26  major  facilities  and  that  standard¬ 
isation  is  highly  desirable.  However,  it  seems  appropriate  to  ask 
whether  or  not  the  system  being  imposed  is  do  facto  or  superficial 
decentralization.  Iti  either  case  it  must  be  judged  on  the  basis  of 
its  differential  costs  and  Its  improved  benefits  as  compared  to.  the 
system  It  replaces.  If,  however.  It  is  superficial,  then  attempts 
to  improve  resource  allocation  and  managerial  performance  through  the 
transfer  price  mechanism  are  destined  to  meet  with  frustration. 
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VI.  Conclusions 
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One  of  the  basic  intentions  of  this  study  was  to  compare  the 
results  of  an  optimal  transfer  pricing  rule  under  deterministic  and 
stochastic  conditions.  Consequently,  the  objectives  of  the  firm  and 
„  its  divisions  were  assumed  to  be  profit  maximization  and  expected 
profit  maximization  respectively.  This  is  obviously  a  simplification 
of  the  real  world  as  corporations  generally  have  numerous  objectives. 
Some  of  these  might  bo  sales, *  growth,  survival,  social  responsibility, 
return  on  investment,  and  owner  and  employee  welfare.  Hence,  this 
model  falls  well  short  of  being  a  perfect  predictor  of  wha**  decisions 
should  be  made,  but  it  is  hopefully  an  indicator  of  some  relevant 
implications  that  management  should  consider  in  the  decis'on  process. 

The  approach  of  this  study  has  assumed  that  market  demands  and 
production  costs  are  unknown  but  come  from  some  known  or  presumed 
known  probability  distributions.  Application  of  the  techniques  of 
stochastic  inventory  control  and  use  of  expected  value  as  a  decision 
criterion  have  shown  that  for  a  variety  of  nondeterministic  situations 
the  optimal  transfer  price  has  consistently  proven  to  be  some  form 
of  an  average  cost.  Although  the  exact  form  of  this  cost  is  not 
immediately  obtainable  from  the  foregoing  derivations,  insertion  of 
precise  equation  forms  into  the  model  and  the  use  of  Iterative  pro¬ 
cesses  should  give  approximations  that  will  provide  decision  makers 
with  the  direction  of  optimal  transfer  prices. 

The  stochastic  mode!  was  based  on  and  provides  results  similar 
to  that  of  a  model  developed  by  Herman  Enzor  for  examination  of 
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transfer  pricing  under  a  variety  of  static,  deterministic  conditions. 
Enzer's  model  was  developed  as  a  result  of  shortcomings  in  the  marginal 
cost  transfer  pricing  rule  theorized  by  Jack  Hirshleifer,  Those  short¬ 
comings  appeared  earlier  in  this  study  and  were:  (t)  an  inability  of 
users  to  develop  the  required  marginal  cost  and  marginal  revenue  data; 
(2)  a  necessary  sacrifice  of  divisional  autonomy;  (3)  a  possibility  of 
one  division  being  forced  to  operate  at  a  loss;  and  (4)  the  limited 
utility  of  marginal  decisions.  A  brief  comparison  of  the  effects  of 
the  average  cost  pricing  rule  on  these  shortcomings  follows: 

1.  At  first  glance  cost  information  appears  readily  available. 
However,  the  optimal  transfer  price  derived  in  theory  contained 
an  integration  constant  that  could  prove  troublesome  to  account¬ 
ing  and  bookkeeping  personnel.  Specific  situations  would  have 
to  be  applied  to  the  model  to  gain  insight  into  what  information 
is  necessary  and  available. 

2.  The  Hirshleifer  model  required  a  specific  constraint  in 
order  to  prevent  suboptimization.  As  of  this  writing,  there  is 
no  known  constraint  necessary  to  ensure  optimization. 

3.  The  average  cost  model  will  provide  the  same  results  if 
each  division  acts  either  to  maximize  profit  or  minimize  cost. 
Hence,-  all  responsibility  centers  will  not  have  to  operate  as 
profit  centers.  By  operating  as  cost  centers,  then,  service 
divisions  will  not  be  measured  by  the  same  criterion  as  distri¬ 
bution  divisions. 

4.  From  all  apparent  indications  the  average  cost  rule  will 
also  be  of  more  benefit  in  marginal  operating  decisions.  It  is 
possible,  however,  that  average  cost  information  may  facilitate 
the  accumulation  of  the  total  magnitudes  necessary  for  capital 
decisions. 

On  the  whole,  then,  the  average  cost  rule  appears  to  make  up  for 
some  of  the  deficiencies  of  the  marginal  cost  rule.  Whether  or  not 
other  problem  areas  will  develop  with  the  ave.age  cost  optimal  trans¬ 
fer  pricing  rule  remains  to  be  seen. 

The  stochastic  model  presented  can  probably  be  altered  and 
applied  to  government  sectors  where  decentralization  and  interdivisional 


62 


,GSA/SM/73-l 


exchange  are  appropriate.  It  is  likely,  however,  that  after  all  the 
constraints  peculiar  to  the  public  sector  have  been  considered,  the 
optimal  transfer  price  will  still  turn  out  to  be  some  fora  of  an 
average  cost.  The  results  o l  the  simplified  formulation  of  the  AEDC 
situation  tend  to  confirm  this  supposition.  Similar  to  the  other 
models  presented,  the  average  cost  derived  in  that  case  contained  an 
integration  constant.  That  constant  can  probably  be  set  such  that  the 
optimal  transfer  price  will  bfe  an  average  variable  or  average  total 
cost.  This  theoretically  derived  result  tends  to  substantiate  the 
empirically  derived  alternatives  suggested  by  the  Berquist  Study  Group, 

That  study  recommended  transfer  prices  based  mi  direct  cost  or  direct 

/ 

plus  indirect  cost. 

Finally,  it  should  be  recalled  that  the  most  important  aspect  in 
application  of  this  or  any  other  transfer  pricing  model  is  the  issue 
of  decentralization.  If  decentralization  is  a  reality,  the  average 
cost  rule  should  prove  successful.  But  if  it  is  an  accounting  proce¬ 
dure,  improvements  in  resource  allocation  will  probably  be  in  spite 
of  rather  than  because  of  the  transfer  pricing  rule  implemented. 
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